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AB STRACT

A log ging cost sur vey was con ducted in Al berta in 1997 and 1998. The two
 objectives of the sur vey were to de ter mine the av er age cost of log ging in  Alberta
and to de velop mod els for pre dict ing log ging pro duc tiv ity on the ba sis of for est and 
log ging char ac ter is tics. The sur vey gath ered in for ma tion on tim ber har vest, char ac -
ter is tics of har vested  areas, ma chine pro duc tiv ity, and fixed and vari able costs on
239 pieces of log ging and road-build ing ma chin ery cov er ing all phases of log ging
op er a tions. Twenty-nine firms re sponded to the sur vey, and to gether they har -
vested 5.2 mil lion m3 of tim ber over an area of al most 25 000 ha. The av er age cost of
log ging in Al berta was $14/m3. The av er age pro duc tiv ity for the fell ing, skid ding,
and pro cess ing phases was 39.1, 34.0, and 27.6 m3/pro duc tive ma chine hour,
 respectively.

RÉSUMÉ

Une enquête sur les coûts de l’exploitation forestière a été effectuée en Al berta
en 1997 et 1998. Elle avait deux objectifs : déterminer les coûts de la récolte forestière
en Al berta et construire des modèles de prévision de la productivité de la récolte à
partir des caractéristiques de la forêt et de la récolte. Cette enquête a recueilli des
renseignements sur la récolte de bois, les caractéristiques des superficies récoltées,
la productivité de l’équipement et les coûts fixes et vari ables de 239 pièces d’équipe -
ment de récolte et de con struc tion de chemins ser vant dans les différentes phases de 
l’exploitation des forêts. Vingt-neuf entreprises ont répondu à l’enquête; en sem ble,
elles avaient récolté 5,2 mil lions de mètres cubes (m3) de bois sur une superficie
atteignant près de 25 000 ha. D’après leurs réponses, le coût moyen de l’exploitation
forestière en Al berta s’élèverait à 14 $/m3. La productivité moyenne pour les phases 
d’abattage, de débusquage/débardage par traînage et de trans for ma tion serait de
39,1, de 34,0 et de 27,6 m3/heure-ma chine pro duc tive, respectivement.
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EX EC U TIVE SUM MARY

For estry rep re sents a sig nif i cant com po nent of
the Ca na dian econ omy and as such strongly in flu -
ences the eco nomic wel fare of the na tion. The well-
be ing of the for estry sec tor hinges on com pet i tive -
ness, both lo cally and in ter na tion ally, and on sus -
tain able for est man age ment prac tices. The  Alberta
Logging Cost Sur vey, con ducted in 1997 and 1998,
had two ob jec tives. First, it al lowed the de ter mi na -
tion of the av er age cost of log ging in  Alberta, thus
pro vid ing a ref er ence against which log ging com -
pa nies can gauge their own com pet i tive ness. Sec -
ond, the data from the sur vey were used to de velop
mod els for pre dict ing log ging pro duc tiv ity on the
ba sis of for est and log ging char ac ter is tics. These
mod els can then be used by log gers, re search ers,
and for est man ag ers alike to es ti mate log ging pro -
duc tiv ity and the as so ci ated costs of log ging ar eas
of com mer cial for est. They would also pro vide
valu able in put into fi nan cial anal y ses of for est
man age ment prac tices that may be in te grated into
broader stra te gic land use plan ning  exercises.

The sur vey gath ered in for ma tion on tim ber
har vest, char ac ter is tics of har vested ar eas, ma chine 
pro duc tiv ity, and fixed and vari able costs on 239
pieces of log ging and road-build ing ma chin ery
cov er ing all phases of log ging op er a tions. The sur -
vey was con ducted in co op er a tion with an in de -
pend ent as so ci a tion of log ging, truck ing and
equip ment sup ply com pa nies. The twenty-nine
firms that re sponded to the sur vey har vested
5.2 mil lion m3 of tim ber over an area of al most

25 000 ha. The av er age cost of log ging in Al berta
was $14/m3.

The av er age pro duc tiv ity for the fell ing, skid -
ding, and pro cess ing phases was 39.1, 34.0, and
27.6 m3/pro duc tive ma chine hour, re spec tively.
The re gres sion mod els for these three phases
 explained a sig nif i cant amount of the vari a tion in
pro duc tiv ity (good ness-of-fit R2 = 0.88, 0.79, and
0.82, re spec tively). Tree size was an im por tant
 factor af fect ing pro duc tiv ity in all phases of the log -
ging op er a tion, a re sult con sis tent with tri als of log -
ging ma chin ery per formed in Can ada and
else where.

A model to pre dict pro duc tiv ity in con struct ing
roads was also de vel oped (in terms of pro duc tive
ma chine hours per hect are). The good ness of fit was 
lower than for the other mod els (R2 = 0.69), be cause
in for ma tion about the length and type of roads con -
structed was not col lected. How ever, sev eral log -
ging char ac ter is tics, in clud ing to tal area har vested
and sort ing re quire ments, were rea son able prox ies
for road in for ma tion.

De spite the lim i ta tions of the study, pri mar ily
re lated to the re sources avail able on the part of both
re search ers and log ging firms, the gen eral strength
of the mod els sug gests their va lid ity for pre dict ing
log ging pro duc tiv ity in Al berta.

Inf. Rep. NOR-X-375 ix
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IN TRO DUC TION

For estry is big busi ness in Can ada. The coun -
try’s bal ance of trade in for est prod ucts in 1997 was
$31.7 bil lion, more than farm prod ucts, fish prod -
ucts, and en ergy com bined (Sta tis tics Can ada
1998a, b). One in 16 peo ple was em ployed di rectly
or in di rectly in the for estry sec tor in that year
( Natural Re sources Can ada 1998). The well-be ing
of the for estry sec tor, which strongly in flu ences the
eco nomic wel fare of the na tion, hinges to a great
 extent on its com pet i tive ness, from the lo cal level of
the log ging con trac tor to the global mar ket for
 forest prod ucts such as news print.

Com pet i tive ness, how ever, is not the only cri te -
rion that de ter mines the suc cess of the for estry sec -
tor. For est com pa nies must dem on strate that they
prac tice for est man age ment within the larger
frame work of sus tain able de vel op ment. On a
broad land scape scale, achiev ing sus tain able de -
vel op ment im plies find ing the right bal ance be -
tween the jobs and eco nomic pros per ity as so ci ated
with the man u fac ture of for est prod ucts and the de -
mand for nontimber ben e fits like clean air and hab -
i tat for wild life.

Logging costs con sti tute a fun da men tal com po -
nent in a fi nan cial anal y sis of for est man age ment
prac tices that must be con ducted in any eco nomic
mod el ing that seeks to bal ance the ben e fits of for est
man age ment with nontimber val ues. At pres ent the 
weak link in the fi nan cial anal y ses of for est man -
age ment prac tices is the ab sence of mod els that will
es ti mate log ging costs.

The pur pose of the Ca na dian For est Ser vice
(CFS) Al berta Logging Cost Sur vey (LCS) was two -
fold. The sur vey was con ducted to de ter mine the
av er age costs of log ging, and the vari a tion in the
var i ous as pects of log ging, to serve as a ref er ence
against which log ging com pa nies could gauge
their com pet i tive ness within the in dus try as log -
ging com pa nies are the first link in the chain of
com pet i tive ness lead ing to the global level. The
LCS was also meant to serve as the ba sis for mod els
de vel oped to es ti mate log ging pro duc tiv ity, given a 
set of for est and log ging char ac ter is tics.

Per for mance tri als of log ging equip ment that
in clude cost break downs have been per formed by
other Ca na dian agen cies. How ever, these have
usu ally been re stricted to spe cific sites for spe cific
 machines. The scope of the LCS was broader. The
LCS was meant to sam ple firms across the prov ince
to cover the full range of log ging meth ods, log ging
equip ment, and site con di tions.

It is an tic i pated that the mod els that es ti mate
log ging pro duc tiv ity can be used by log gers,
 researchers, and for est man ag ers. These mod els
should also pro vide valu able in put into fi nan cial
anal y ses of for est man age ment prac tices, for even -
tual in te gra tion into broader stra te gic ex er cises for
land-use plan ning. Be cause of lim i ta tions in per -
son nel and fund ing, an Al berta-only fo cus was
adopted. The LCS was con ducted en tirely out of the 
North ern For estry Cen tre.

METHODS AND AP PROACH

Most for est prod uct firms in Al berta con tract
with in de pend ent log ging com pa nies to per form
most or all log ging op er a tions to sup ply their saw -
mills, pulp mills, and other wood-pro cess ing fa cil i -
ties. Given that these com pa nies ac tu ally per form
the log ging and bear the costs of all or most as pects
of log ging op er a tions, we sought their co op er a tion
for the sur vey. Ini tially, we con sulted pub lished
 directories of log ging com pa nies to iden tify log -
ging firms; how ever, we sub se quently ap proached
the Al berta Logging As so ci a tion (ALA, now
known as the For est In dus try Sup pliers and Log -
gers As so ci a tion), an as so ci a tion of in de pend ent
log ging com pa nies and log ging equip ment sup ply

firms, for as sis tance in per suad ing its mem ber log -
ging firms to par tic i pate in the LCS.

The ini tial round of the sur vey was de signed to
ob tain de tailed in for ma tion on a per-cutblock ba sis, 
in clud ing per-ma chine cost in for ma tion for each
cutblock. That ap proach was quickly aban doned
be cause, given the large num ber of blocks har -
vested by most log ging com pa nies, the pro cess
proved too time con sum ing and costly for ev ery one 
in volved. A much shorter sur vey form (Ap pen dix
1), which struck a more ap pro pri ate bal ance
 between brev ity and com plete ness, was de vel oped
to re flect the ef fort that log ging com pany own ers



could  devote to the sur vey and the lim ited
 resources that the CFS could de vote to the sur vey.

The de sign of the shorter sur vey form was
based on com ments made by mem ber com pa nies of 
the ALA dur ing the first round of the sur vey and on
pub lished lit er a ture. The de sign of the form was
 finalized af ter a multiday in ter view and com ple -
tion of the form by a mem ber com pany of the ALA
that gen er ously con trib uted its time and ef fort.

The method of con duct ing the sur vey—
per sonal in ter views with log ging com pany
 owners, rather than mailed sur veys or tele phone
in ter views—was also based on ex pe ri ence gar nered
dur ing the ini tial round of the sur vey. The chief
 reasons for adopt ing this method were the need to
ex plain the pur pose of the sur vey to the own ers of
the log ging com pa nies and the need to as sure them
about the con fi den ti al ity of their in for ma tion,
given the high de gree of com pet i tive ness in the log -
ging in dus try.

Be cause of the brev ity of the form, de tailed in -
for ma tion re gard ing the na ture of all for est and site

char ac ter is tics thought per ti nent to log ging could
not be ob tained. For ex am ple, in for ma tion con cern -
ing slope was ob tained by ask ing own ers to re port
the num ber of cutblocks (or the per cent age of
cutblocks) that fell into three gen eral slope cat e -
go ries, rather than by ask ing for the ac tual per cent
slope of each cutblock. This clas si fi ca tion in jected a
high de gree of sub jec tiv ity into the de ter mi na tion
of the slope in dex, but did pro vide an in di ca tion of
the slope con di tions un der which each log ging
com pany con ducted its op er a tions. How ever, the
sur vey form did in clude a sec tion for de tailed in for -
ma tion on the fixed and vari able costs of op er at ing
each of the firm’s log ging and road-build ing
 machines.

This re port pres ents de scrip tive over views and
av er age data from the sur vey, as well as mod els that 
pre dict log ging pro duc tiv ity on the ba sis of a
 number of for est char ac ter is tics. Be cause log ging
con sists of dis tinct phases, the mod el ing sec tion
 examines the pro duc tiv ity of each phase sep a rately. 
Other as pects of op er at ing a log ging com pany that
ap ply to many types of busi nesses are also
 discussed.

RE SULTS

Gen eral Over view

Twenty-nine log ging com pa nies agreed to par -
tic i pate in the sur vey, which was con ducted from
spring 1997 to sum mer 1998. The log ging sea son for 
which most firms pro vided in for ma tion ex tended
from fall 1996 to spring 1997. How ever, be cause of
the cir cum stances in volved in ar rang ing the in ter -
views, it was eas ier for some firms to base their re -
sponses on their 1997–1998 log ging sea son. Six teen
firms con ducted a por tion of their log ging op er a -
tions dur ing the sum mer months. Many firms op er -
ated some of their ma chin ery dur ing other times of
the year for nonlogging pur poses, es pe cially for
build ing roads. Sep a rating the costs of op er at ing
ma chin ery for lease work (work not re lated to log -
ging) from log ging costs was dif fi cult for some
firms, and some of the re sult ing fig ures for pro duc -
tive ma chine hours (PMHs) and costs were ap prox -
i mate. Most of the log ging firms in ter viewed were
con tracted by ma jor for est prod uct firms to con duct 
op er a tions on land leased through for est man age -
ment agree ments; how ever, sev eral firms con -
ducted all or most of their op er a tions on pri vate
land for pri vate land own ers. An ef fort was made

to in ter view firms in all for ested re gions of the
 province.

Gen eral Logging and Hauling Data

Num ber of Cutblocks and Gen eral Areas

The 29 log ging firms pro cessed tim ber from a
to tal of 1206 cutblocks; the num ber of cutblocks per
firm ranged from 10 to 171 (av er age 42). Cutblock
size ranged from 6.2 to 42.1 ha (av er age 24.1 ha).
Most re spon dents con ducted log ging op er a tions
for one or two mills or cli ents, al though five re spon -
dents con ducted log ging for five or more mills. On
av er age, re spon dents har vested 21.1 cutblocks per
mill or per cli ent. Re spon dents were not asked to
spec ify the for est prod uct com pa nies for which
they con ducted log ging.

On av er age, the cutblocks were dis trib uted
among two or three gen eral ar eas. Be cause ob tain -
ing de scrip tions of the lo ca tions of all cutblocks
would have been too time con sum ing and be cause
maps were not al ways avail able, the in ter pre ta tion
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of the num ber of gen eral ar eas in which a firm con -
ducted log ging op er a tions was left to the dis cre tion
of the in di vid ual firms. Usually, a dis tance be tween
groups of cutblocks that war ranted mov ing log -
ging ma chin ery on trail ers was the cri te rion used to
iden tify the gen eral ar eas. Large dif fer ences be -
tween gen eral ar eas in terms of dis tance to the mill
could sug gest a greater dis per sion of log ging op er -
a tions, which might in turn af fect over all log ging
and haul ing costs.

Hauling

Al though the LCS was not in tended to sur vey
log haul ing op er a tions, haul ing is an in te gral part
of the op er a tions of many log ging firms, and there -
fore the LCS in cluded a sec tion on haul ing. Eleven
firms con ducted some form of haul ing. Some firms
per formed haul ing en tirely on their own, oth ers
paid sub con trac tors to do all of the haul ing, and
some used a com bi na tion of their own haul ing and
sub con trac tors. Data for the lat ter group had to be
re viewed care fully to sort out what was hauled by
each en tity and at what cost. Care was also taken
dur ing in ter views to ac count for any of the to tal
har vest that was left be hind for haul ing af ter the
log ging sea son.

Dis tance to the mill or mills from gen eral log -
ging ar eas ranged from 15 to 400 km (av er age
111.4 km). For the 11 firms that hauled tim ber, the
av er age haul ing dis tance was 103.2 km. The haul -
ing cost for firms that hauled tim ber ranged from
$0.0177 to $0.1100/t-km (av er age $0.0354/t-km).
The wide range in costs is a func tion of dis tance
and road qual ity (and there fore of to tal travel times
from load ing to un load ing and the re turn trip).
 Assuming an av er age speed of 60 km/h for log ging 
trucks, the av er age haul ing cost would be
$2.12/t-h. Hauling costs for each firm are re ported
in Ta ble 1.

Con ver sion Fac tors

All log ging firms in ter viewed were asked to
pro vide the weight-to-vol ume con ver sion fac tors
used for co nif er ous and de cid u ous tim ber for each
mill. Al though most firms re corded their har vest in
cu bic metres, some firms re ported a por tion of their
har vest in tonnes (re port ing the re main der in cu bic
metres), whereas oth ers re corded their har vest en -
tirely in tonnes. Con ver sion fac tors fa cil i tated the
con ver sion of the tim ber har vest re corded in tonnes 
to cu bic metres to en able pro duc tiv ity and cost
anal y ses across all firms. The con ver sion fac tor for
co nif er ous tim ber ranged from 0.71 to 0.91 t/m3

(av er age 0.83 t/m3). The cor re spond ing range for
de cid u ous tim ber was 0.86 to 1.07 t/m3 (av er age
0.97 t/m3). Con ver sion fac tors were also nec es sary
to con vert tree sizes given in trees per tonne to the
more com monly used trees per cu bic metre. Con -
ver sion fac tors are pre sented in Ap pen dix 2.

Bucking of Pulp wood Logs and Saw logs

Re spon dents were asked to state the ranges of
lengths into which pulp wood logs and saw logs
were bucked, if buck ing was per formed. Most
firms that har vested saw logs per formed no buck -
ing (i.e., they per formed tree-length har vest ing).
Pulp wood logs of both spe cies groups (co nif er ous
and de cid u ous tim ber) were gen er ally bucked to
var i ous lengths (i.e., cut-to-length har vest ing), al -
though eight firms per formed tree-length har vest -
ing for pulp wood logs. Sev eral firms used a slasher
to buck de cid u ous logs. Bucking char ac ter is tics by
log type and spe cies group for each log ging firm are 
pre sented in Ap pen dix 3. A buck ing in dex was de -
vel oped to mea sure the de gree of buck ing ap pli ca -
ble to each firm for use in pro duc tiv ity anal y ses.

Logging Method

The sur vey in cluded a sec tion on the log ging
meth ods used by the firms. Eigh teen firms used
feller–bunchers, skid ding to road side, and
delimbing at road side (method A, road side [AR])
as their sole log ging method, whereas five oth ers
used this method in con junc tion with feller–
bunchers and delimbers for at-the-stump pro cess -
ing, and then skid ded the tim ber to road side
(method B, road side [BR]). Only two firms con -
ducted sig nif i cant amounts of hand fell ing
(method C), al though most firms per formed some
hand fell ing, usu ally for over size trees. Only two
firms skid ded to land ing (method A or B, land ing
[AL or BL]) in ad di tion to skid ding to road side. The
most  notable vari a tion in log ging method oc curred
with the seven firms that used mul ti pur pose har -
vest ers or pro ces sors for cut-to-length har vest ing
for all or part of their log ging op er a tions (method
ER). Logging meth ods for each firm are shown in
 Appendix 4, and Ta ble 2 sum ma rizes the many
com bi na tions of log ging meth ods and ma chine
types re ported.

At-the-stump pro cess ing is well suited to large
tim ber or dif fi cult ter rain where mech a nized fell ing 
equip ment is un able to op er ate; such ter rain is
there fore of ten as so ci ated with hand fell ing
( MacDonald 1999). Two of the firms that con ducted 
at-the-stump pro cess ing also con ducted sig nif i cant 
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Ta ble 1. Hauling dis tances, weight of tim ber hauled, and haul ing ex pen di tures for 11 log ging firms that
hauled tim ber

Firm  
No. of

gen eral ar eas

To tal one-way
dis tance to milla

(km)

 To tal
 weight hauled

 (t)

To tal haul ing 
expenditureb 

($) 

Av er age
haul ing costc

($/t-km)

 1  2   150     40 000    162 000 0.027 0
 2  4   564    190 218  2 047 166 0.019 1
 3  1    75    160 215  1 322 000 0.110 0
 4  9 1 249    232 115  3 020 961 0.010 4
 5  3   250    106 383    950 000 0.035 7
 6  2   170    147 559  1 030 052 0.041 1
 7  3   245     81 250    736 000 0.037 0
 8  3   396     88 000    968 000 0.027 8
 9  6   465    185 000  1 522 000 0.017 7
10  4   340    182 850  1 950 000 0.031 4
11  3   224    211 015  1 531 428 0.032 4

To tal 40 4 128  1 624 605 15 239 607 d0.035 4d

a Sum of the dis tances from each gen eral area to the mill.
b In cludes pay ments to sub con trac tors.
c Based on to tal one-way dis tance.
d Mean of the av er age haul ing costs.

Table 2. Sum mary of log ging meth ods by har vest ing sys tem and ma chine com bi na tions

Har vesting sys tem  Ma chine com bi na tions 

Method
des ig na tion
in the LCS

No. of
firmsa

Full-tree or tree-length har vest ing Feller–buncher with delimber at
road side

AR, AL 25

At-the-stump pro cess ing Feller–buncher with delimber at the
stump

BR, BL  b6b

Hand fell ing Hand fell ing with hand delimbing
(Method C) or with a delimber
(Method D)

CR, CL, DR, DL  2

Cut-to-length har vest ing Har vester (also called har vester–
pro ces sor or feller–pro ces sor), or
feller–buncher in tan dem with 
pro ces sor

ER  7

a The sum of the num ber of firms ex ceeds the num ber of firms in the LCS be cause many firms per formed more than one log ging method. 
See Ap pen dix 4 for de tails on log ging method by firm.

b In cludes one firm that per formed fell ing, delimbing, and top ping us ing a har vester but did not cut to length.

Note: LCS = Logging Cost Sur vey, AR = method A at road side, AL = method A at land ing, BR = method B at road side, BL = method B at
land ing, CR = method C at road side, CL = method C at land ing, DR = method D at road side, DL = method D at land ing, ER = use of 
mul ti pur pose har vest ers.



hand fell ing and hand delimbing. At-the-stump
pro cess ing is also em ployed for silvicultural
 reasons, in clud ing im prove ment of re gen er a tion
suc cess, or for other con sid er ations such as re duc -
ing the cost of man ag ing de bris that would oth er -
wise ac cu mu late at the road side or on land ings.

Cut-to-length har vest ing can take two forms.
Usually, a har vester (also called a har vester–
pro ces sor or feller–pro ces sor) fells and pro cesses
the trees (delimbs, tops, and cuts to length); how -
ever, a cut-to-length op er a tion might em ploy feller–
bunchers for fell ing and pro ces sors work ing at the
stump to pro cess the felled trees. Two firms
 responding to the LCS used the lat ter form of cut-to-
length har vest ing. Firms that used pro ces sors to
pro cess all tim ber at road side (in which case full
trees were skid ded to road side) were not con sid -
ered to have con ducted cut-to-length har vest ing.

Loading and Loading Pro duc tiv ity

Only six firms con ducted their own load ing
(two of which also hired sub con trac tors to per form
some of their load ing), with a to tal of eight
 machines. An other firm hired sub con trac tors for all 
load ing. For the other 22 re spon dents, load ing was
con ducted by for est prod ucts firms or their sub -
con trac tors. Loading pro duc tiv ity av er aged 95
m3/PMH. Down time for each ma chine was cal cu -
lated as PMH di vided by to tal op er a tor hours; this
vari able av er aged 0.86. Most firms con ducted load -
ing at road side with a boom-type loader (method
BR). The num ber of firms that con ducted their own
load ing op er a tions was too low to de velop a sound
model based on in de pend ent vari ables to pre dict
load ing pro duc tiv ity.

Slope

Slope con di tions should ide ally be given as
mea sured per cent slope or de grees of in cline for
each cutblock, to al low an over all as sess ment of the
slope con di tions with which each log ging firm had
to con tend. How ever, this level of de tail was be -
yond the re sources avail able. In stead, each firm
was asked to es ti mate the num ber of cutblocks (or
the per cent age of cutblocks) that fell into three gen -
eral slope cat e go ries. The ac tual per cent slope
 applicable to each cat e gory de pended on the in ter -
pre ta tion of the slope cat e go ries by each firm. Sixty-
one per cent of the cutblocks har vested across the
LCS were con sid ered gen er ally flat, 26% were con -
sid ered mod er ately steep, and only 13% were con -
sid ered steeper than usual. Slope con di tions per
firm are pre sented in Ap pen dix 5. A slope in dex

was de vel oped to pro vide a sin gle mea sure of the
over all slope con di tions ap pli ca ble to each firm;
this in dex was used in the pro duc tiv ity anal y ses.

Tree Size

Tree size, or piece size, is a cru cial vari able in de -
ter min ing the pro duc tiv ity of log ging ma chines.
Tree size (in cu bic metres per tree) is the vari able
usu ally used to de ter mine pro duc tiv ity base lines or 
ref er ence points from which to de velop re la tion -
ships that quan tify de vi a tions from the base line
 under dif fer ent, nonideal con di tions (Mellgren 1990).
Larger trees mean more vol ume pro cessed for any
par tic u lar ma chine func tion (e.g., fell ing, pro cess -
ing), which trans lates into higher pro duc tiv ity and
lower cost per PMH. Logging firms were asked to
spec ify the av er age piece size of their de cid u ous
and co nif er ous har vest in terms of vol ume or
weight per tree and to rate the av er age piece size as
smaller than usual, about nor mal, or larger than
usual. Some firms gave piece size in terms of trees
per tonne, but most used trees per cu bic metre; in
the for mer sit u a tion the val ues had to be con verted
to trees per cu bic metre us ing the con ver sion fac tors 
(Ap pen dix 2). Sev eral firms re ported a range of
piece sizes, in which case the mid point of the range
was used in anal y ses in volv ing the ef fect of piece
size on pro duc tiv ity. Av er age piece sizes in trees
per cu bic metre are sum ma rized in Ap pen dix 6.
Piece sizes var ied from 2.0 trees/m3 to 7.5 trees/m3

for co nif er ous spe cies and from 1.7 trees/m3 to
6.0 trees/m3 for de cid u ous spe cies (Ap pen dix 6;
Ap pen dix 7 has the same fig ures in cu bic metres
per tree). Some over lap in the sub jec tive rat ing of
piece sizes oc curred such as one firm’s smaller than
usual piece size was an other firm’s about-nor mal
piece size. Av er age sur vey piece sizes were 3.57 and 
2.78 trees/m3 for co nif er ous and de cid u ous tree
spe cies, re spec tively. Two tree size in dexes were
 developed to mea sure the over all piece size ap pli -
ca ble to each firm in the LCS for use in pro duc tiv ity
anal y ses.

Sub con trac tors

Fif teen firms hired a to tal of 39 sub con trac tors
for log ging op er a tions, and 5 of these firms also
hired 32 sub con trac tors to con duct all or part of
their haul ing op er a tions. Pay ments to sub con trac -
tors to taled al most $13.2 mil lion. Some firms hired
as many as four sub con trac tors for their log ging
 operations. Sub con trac tors usu ally owned their own
ma chines, but some times op er ated some of the log -
ging firm’s ma chines un der a leas ing ar range ment.

Inf. Rep. NOR-X-375 5



(Cost in for ma tion for these ma chines was  recorded
be cause they were owned by the log ging firms;
there fore, they were con sid ered part of the firm’s
op er a tions and were in cluded in all cost  analyses.)
Most sub con trac tors’ op er a tions seemed well in te -
grated with the firm’s over all op er a tions (ac cord ing
to com ments made dur ing in ter views), and the sub -
con trac tors re lied on the log ging firms for ser vices
such as fuel pro vi sion and de liv ery and ma chine re -
pairs. Knowl edge about sub con trac tor ac tiv i ties (i.e.,
what they did, their pro duc tion, and pay ments
made to them) was es sen tial to de ter mine the pro -
duc tiv ity and cost of the log ging firm’s own op er a -
tions in re la tion to their har vest, given that, be cause
of time and fund ing lim i ta tions, char ac ter is tics of
ma chines used by sub con trac tors could not be de -
ter mined to the same level of de tail as for ma chines
used by the log ging firms. Sub con trac tor pro duc -
tion and ser vices were an es sen tial com po nent of
the op er a tions of the firms that hired them, and
their con tri bu tion could not be ig nored in de vel op -
ing over all es ti mates of the cost of log ging. Sub con -
trac tor ac tiv i ties are sum ma rized in Ta ble 3.

Har vested Vol umes and Areas by 
For est Type and Spe cies Group

In for ma tion on har vested vol umes and ar eas by 
for est type (pre dom i nantly soft wood, pre dom i -
nantly mixed wood, or pre dom i nantly hard wood)
and by spe cies group was re quested of each firm.
For est type in par tic u lar was thought to be a fac tor
in log ging pro duc tiv ity. Har vested vol umes in the
pre dom i nantly mixed wood for est type were sep a -
rated into spruce and as pen, as these are the spe cies
most of ten as so ci ated with com mer cial har vest ing
of mixed wood for ests in Al berta. The to tal har vest
pro cessed by the 29 firms was 5 226 871 m3 over an
area of 24 989 ha, equally di vided be tween co nif er -
ous and de cid u ous spe cies. Vol umes per area har -
vested av er aged 209 m3/ha (both spe cies groups
and all for est types com bined), and the mixed-
wood for est type had the high est vol ume per area,
238 m3/ha. Har vested vol umes and area of har vest
are sum ma rized in Ta ble 4, and de tailed har vest
 information is pre sented in Ap pen dix 8.

Ma chine Costs and Other Costs
As so ci ated with Logging

De tailed in for ma tion con cern ing the op er at ing
costs and pro duc tiv ity of all log ging ma chines was
re quested from the firms. Op er ating costs in cluded
fixed costs (in sur ance and loan pay ments) and vari -
able costs (re pairs and al ter ations, op er a tor wages

and ben e fits, and fuel and oil). Pro duc tiv ity was
cap tured through to tal PMHs. Down time, cal cu -
lated as PMHs di vided by to tal op er a tor hours, was 
ob tained for all ma chines as well. Ev ery firm was
able to re port or es ti mate to tal pro duc tive times (in
PMHs) for each ma chine dur ing their log ging
 season; how ever, for each cost cat e gory, only fif teen 
of the firms were able to pro vide cost in for ma tion
for each ma chine. All firms pro vided to tals for all
ma chines in all of the fixed and vari able cost cat e -
go ries. Fixed and vari able costs per ma chine for
those firms that were able to pro vide only to tals for
all ma chines were es ti mated by means of sev eral
meth ods. The va lid ity of these meth ods was tested
by com par ing es ti mated costs per ma chine with
 actual costs per ma chine for the firms that were able 
to pro vide per-ma chine costs. Fixed costs were
 necessarily based on each firm’s fis cal year (en com -
pass ing the log ging sea son), whereas op er at ing
costs were based on the log ging sea son when the
ma chin ery was ac tive. All firms pro vided the pur -
chase prices (be fore taxes) of their ma chines. A to tal 
of 184 pieces of log ging ma chin ery and 55 pieces of
road-build ing ma chin ery were re corded in the LCS
(Ap pen dix 9).

The var i ous ma chine cost fac tors are dis cussed
be low, and de scrip tive sta tis tics are pre sented for
each fac tor. The re main ing cost fac tors ob tained in
the sur vey (camp costs, de pre ci a tion, and over -
head) are also dis cussed.

Loan Pay ments

Loan pay ments rep re sented the an nual pay -
ments made to ser vice out stand ing debt on log ging
ma chin ery. Be cause of lim ited re sources, no ef fort
was made to sep a rate the pro por tions of an nual
loan pay ments at trib ut able to prin ci pal and in ter -
est. Loan pay ments by the 29 log ging firms to taled
$11.8 mil lion for 167 pieces of ma chin ery (Ta ble 5).
Twenty firms, rep re sent ing 58% of all ma chin ery,
were able to pro vide per-ma chine loan pay ments.
Sev enty per cent of the ma chines in this group that
were over 4 years of age had no loan pay ments, i.e.,
the ma chines had been paid off. Loan pay ments
 averaged $0.22 per dol lar of pur chase price. Loan
pay ments were the sec ond-high est ma chine cost
fac tor in the LCS (op er a tor wages and ben e fits
 represented the high est ma chine cost fac tor).

Per-ma chine loan pay ments for firms that were
able to pro vide only to tal loan pay ments were
 estimated by pro rat ing the to tal amount spent to
ser vice loans among all ma chines (for both log ging
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Ta ble 4. Sum mary of vol ume and area har vested

For est type and spe cies group
 Har vest

  vol ume (m3)
Area

har vested (ha)

Pre dom i nantly soft woods
 Co nif er ous spe cies 1 914 745 }  8 488 De cid u ous spe cies    85 135

Pre dom i nantly mixed woods
 Co nif er ous spe cies   508 161 }  6 180 De cid u ous spe cies   962 807

Pre dom i nantly hard woods
 Co nif er ous spe cies   195 972 } 10 321 De cid u ous spe cies 1 560 051

All for est types
 Co nif er ous spe cies 2 618 878
 De cid u ous spe cies 2 607 993
 Both spe cies groups 5 226 871 24 989

Ta ble 3. Sub con trac tor ac tiv i ties of the 15 firms that en gaged sub con trac tors 

Logging phase  
No. of

subcontractorsa
 Pro duc tion

(m3)
To tal pay ments 

to subcontractors ($) 
Av er age cost

($/m3)

Felling  8 438 410  1 453 999 3.32
Skidding  9 580 450  1 584 076 2.73
Delimbing or pro cess ing 11 524 855  1 621 583 3.09
Loading  9 386 519    655 379 1.70
Slashing  2 202 981    568 000 2.80
Hauling 32 b734 496b  7 294 127 9.93
To tal 71 NA 13 177 164 NA

a Three sub con trac tors performed more than one phase; how ever, break downs of pro duc tion and cost by phase were not avail able. Pro -
duc tion and cost were di vided among the ap pli ca ble phases ac cord ing to vol umes pro cessed in the firm’s own op er a tions in each
phase.

b Equiv a lent to 702 795 t.

Note: NA = not ap pli ca ble.
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Ta ble 5. An nual loan ex pen di tures for log ging and road-build ing ma chin ery

Type of ma chine 
No. of

machinesa

Sum of
all pur chase

 prices ($)

 Loan ex pen di tures ($)

To tal Averageb Minimumb Maximumb 
Stan dard

deviationb

Feller–bunchers, har vest ers, 
 and pro ces sors

43 (57) 17 773 642  3 884 420 0.22  0.02 0.54 0.09

Skidders and for ward ers 49 (61) 11 229 812  2 550 907 0.23 0.02 0.70 0.13
Delimbers 48 (58) 18 394 146  4 000 077 0.22 0.02 0.54 0.08
Loaders  7 (8)  1 910 000    467 405 0.24 0.09 0.37 0.11
All log ging ma chines 147 (184) 49 307 600 10 902 809 0.22 0.02 0.70 0.11
Road-build ing ma chines 20 (55)  3 391 200    904 433 0.27 0.04 0.65 0.16
All ma chin ery 167 (239) 52 698 800 11 807 242 NA NA NA NA

a The first fig ure rep re sents the num ber of ma chines with non zero loan pay ments. These ma chines form the ba sis for all other fig ures in
the ta ble. The fig ures in pa ren the ses rep re sent the to tal num ber of ma chines in the Logging Cost Sur vey.

b Fig ures in this col umn are ex pressed per dol lar of pur chase price.

Notes: NA = not ap pli ca ble.

Ta ble 6. An nual ex pen di tures on re pairs and al ter ations for log ging and road-build ing ma chin ery

Type of ma chine 
No. of

machinesa
Av er age

pur chase price ($)

   Ex pen di ture for
   re pairs and al ter ations ($)

To tal Av er age

Feller–bunchers  24 402 135   894 960 37 290
Har vesters and pro ces sors   7 367 143   230 654 32 951
Skidders and for ward ers  35 196 012   786 679 22 477
Delimbers  33 347 280 1 044 311 31 646
Loaders   7 298 000   145 546 20 792
Road-build ing ma chines  34 136 452   628 174 18 476

All above ma chines 140 NA 3 730 324 NA

All ma chines in the Logging
 Cost Sur vey

239 NA 7 200 015 NA

a Ma chines owned by firms that were able to pro vide per-ma chine costs for re pairs and al ter ations, ex cept in the last row. In cludes
 machines with zero costs for re pairs and al ter ations dur ing the log ging sea son.

Note: NA = not ap pli ca ble.



and road-build ing ma chines) ac cord ing to the pro -
por tion that each ma chine’s pur chase price rep re -
sented of the to tal of all pur chases. This method
as sumes that loan pay ments are a func tion of pur -
chase price alone. The amount of any down pay -
ments, aris ing from the sale or trade-in of an older
ma chine or a cash lump sum, was not re quested in
the sur vey and there fore could not be fac tored
 directly into the es ti ma tion of loan pay ments for
spe cific ma chines. A fur ther as sump tion of this
 prorating method was that ma chines over 4 years
of age had no loan pay ments.

Ac tual and es ti mated per-ma chine loan pay ments
were com pared on the ba sis of this pro rat ing method
for the 138 ma chines for which per-ma chine
loan pay ment ex pen di tures were avail able. A
paired-dif fer ence t-test and a nonparametric
Wilcoxon signed-rank test showed that there was
no sig nif i cant dif fer ence at the 95% level of
 confidence be tween the ac tual and es ti mated
per-ma chine loan pay ments (Ap pen dix 10). The
pro rat ing method was there fore adopted for the
firms that were able to pro vide only to tal fig ures for 
loan pay ments.

Re pairs and Al ter ations

Ex pen di tures for re pairs and al ter ations to taled
just over $7.2 mil lion for all firms (Ta ble 6). These
ex pen di tures av er aged 10.8% of the pur chase price
of all log ging and road-build ing ma chines, 9.4% for 
log ging ma chines only (based on the 106 log ging
ma chines for which per-ma chine costs for re pairs
and al ter ations were avail able), and 13.5% for road-
build ing ma chines (based on 34 ma chines). Of the
140 log ging and road-build ing ma chines for which
in di vid ual data were avail able, 131 had  nonzero
costs for re pairs and al ter ations. On the  basis of re -
pair and al ter ation costs in curred by firms that
were able to pro vide per-ma chine costs, a num ber
of meth ods were at tempted to es ti mate per-
ma chine costs for re pairs and al ter ations for the
 remaining firms. How ever, no method re sulted in
nonsignificant dif fer ences be tween es ti mated and
ac tual per-ma chine costs, prob a bly be cause re pairs
and al ter ations oc cur ran domly. There fore, the
LCS’s sin gle-sea son snap shot of log ging costs was
in suf fi cient to sup port con clu sions about the cost of 
re pairs and al ter ations based on pa ram e ters such as 
ma chine type and man u fac turer. With a lon ger time 
se ries of data track ing the cost of re pairs and al ter -
ations, it might be pos si ble to draw such con clu -
sions. It was noted, how ever, that ex pen di tures for
re pairs and al ter ations rose sub stan tially for
 machines over 2 years of age, which re flects the

 existence of war ran ties which typ i cally cover the
first 3000 to 5000 h of op er a tion on new ma chines.
The av er age cost of re pairs and al ter ations for all
ma chines up to 2 years of age was $20 521 (or 6.0%
of the pur chase price); the av er age cost rose to
$30 193 (or 13.4% of the pur chase price) for ma -
chines over 2 years of age. Re pair costs for log ging
ma chines, ex pressed as a per cent age of the
 purchase price,  averaged 6.2% for ma chines up to
2 years of age (48 ma chines) and 12.7% for
 machines over 2 years of age (58 ma chines). The
 average cost of re pairs and al ter ations for the 38
log ging ma chines over 3 years of age, ex pressed as
a per cent age of pur chase price, was 13.8%. This per -
cent age rose to 15.4% for the 27 ma chines over
4 years of age.

Fig ures for road-build ing ma chines were an
 average of $5755 (or 2.3% of the pur chase price) for
ma chines up to 2 years of age (4 ma chines) and
$20 172 (or 16.5% of the pur chase price) for ma -
chines over 2 years of age (30 ma chines). There was
lit tle change in this per cent age for ma chines be -
tween 3 and 9 years of age. The per cent age rose to
18.8% for the 23 ma chines that were more than
8 years of age.

In sur ance

In sur ance rates in cor po rate many fac tors, start -
ing with the base rate, which de pends on the claims
his tory of the log ging in dus try in gen eral and fac -
tors in the cost of the in sur ance firm’s over head.
The base rate is then ad justed to re flect a num ber of
con sid er ations per ti nent to the in sured firm, in -
clud ing the age, use, and con di tion of the equip -
ment be ing in sured, the past claims his tory of the
firm, and the ex pe ri ence of the firm’s own ers.
 Expenditures for in sur ance to taled $921 677 for all
firms (Ta ble 7) and av er aged $3.11 per $100 of re sid -
ual value. Four teen firms were able to pro vide per-
ma chine in sur ance costs for a to tal of 104 pieces of
ma chin ery. Per-ma chine in sur ance pay ments for
the re main ing firms were es ti mated by pro rat ing
the to tal amount spent on in sur ance for all log ging
and road-build ing ma chines ac cord ing to the pro -
por tion that each ma chine’s re sid ual value rep re -
sented of the to tal of all re sid ual val ues. Re sid ual
val ues were de ter mined us ing rates of de pre ci a tion 
and the age of the ma chine. The math e mat ics
of  depreciation re sult in a re sid ual value that ap -
proaches zero as the age of a ma chine in creases.
How ever, in re al ity, re sid ual value lev els off at
some mar ket-de ter mined level based on sal vage
value. The For est En gi neering Re search In sti tute
of Can ada (FERIC) sets sal vage value at 20% of
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the pur chase price, a value based on em pir i cal
 observations over time. Sal vage val ues were not
spe cif i cally dis cussed dur ing the course of in ter -
views for the LCS (al though some in ter view ees
 expressed their es ti mates of the sal vage value or
worth of some of their older ma chines); there fore,
20% of the pur chase price was used for ma chines of
suf fi cient age that their cal cu lated re sid ual value
was be low 20% of the pur chase price. This usu ally
oc curred for ma chines 10 or more years old. Thirty-
eight ma chines were at least 10 years old, and 29 of
these were road-build ing ma chines.

Most firms were able to pro vide the rate of
 depreciation used in their ac count ing prac tices. The 
rates of de pre ci a tion ranged from 20% to 30%; some 
firms adopted a 15% rate of de pre ci a tion for a ma -
chine’s first year of op er a tion, us ing a higher rate of
de pre ci a tion in all sub se quent years. De pre ci a tion
rates av er aged 23.5%, and this rate was used for
firms that did not pro vide per-ma chine in sur ance
break downs or a rate of de pre ci a tion.

Ac tual and es ti mated per-ma chine in sur ance
pay ments were com pared us ing the above pro rat -
ing method for the 104 ma chines from firms that
were able to pro vide per-ma chine in sur ance
 expenditures. A paired dif fer ence t-test and a non -
parametric Wilcoxon signed-rank test showed that
there was no sig nif i cant dif fer ence at the 95% level
of con fi dence be tween the ac tual and es ti mated
per-ma chine in sur ance costs (Ap pen dix 11). This
pro rat ing method was there fore adopted for the

firms that were able to pro vide only to tal in sur ance
pay ment ex pen di tures.

Op er a tor Wages and Ben e fits

Ex pen di tures for op er a tor wages and ben e fits
(in clud ing Can ada Pen sion Plan, Workers’ Com -
pen sa tion, Un em ploy ment In sur ance [now known
as Em ploy ment In sur ance], med i cal ben e fits, and
va ca tion pay) to taled $14.2 mil lion, the high est ma -
chine cost fac tor in the LCS (Ta ble 8). For the firms
that were un able to pro vide per-ma chine costs for
op er a tor wages and ben e fits, to tal ex pen di ture for
this item was pro rated among the firm’s in di vid ual
ma chines ac cord ing to the per cent age of to tal
PMHs rep re sented by each ma chine. The va lid ity of 
this ap proach was tested by com par ing ac tual per-
ma chine op er a tor wages and ben e fits from firms
that were able to pro vide the data in this form with
wages and ben e fits es ti mated in this man ner. A
paired-dif fer ence t-test and a nonparametric
Wilcoxon signed-rank test showed that there was
no sig nif i cant dif fer ence at the 95% level of
 confidence be tween the ac tual and es ti mated per-
ma chine op er a tor wages and ben e fits (Ap pen dix
12). This pro rat ing method was there fore adopted
for the firms that were able to pro vide only to tal
 expenditures for op er a tor wages and ben e fits. In -
for ma tion on whether op er a tors were paid on a
piece-rate ba sis or on an hourly ba sis was not
 recorded; how ever, com ments made dur ing the
course of in ter views in di cated that most firms paid
their op er a tors on an hourly ba sis.
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Ta ble 7. An nual ex pen di tures on in sur ance for log ging and road-build ing ma chin ery

Type of ma chine
No. of

ma chines

 In sur ance ex pen di ture ($)

To tal Av er age Min i mum Max i mum
Stan dard
de vi a tion

Feller–bunchers, har vest ers,
 and pro ces sors

 57 312 393 5 481   435a 11 446 3 330

Skidders and for ward ers  61 193 887 3 178   610a 13 282 2 569
Delimbers  58 296 776 5 117   478 14 117 3 437
Loaders   8  23 007 2 876 1 989  5 875 1 198
All log ging ma chines 184 826 063 4 489   435 14 116 3 243
Road-build ing ma chines  55  95 614 a1 000a     0 14 077 420–1825b

All ma chin ery 239 921 677 NA NA NA NA

a This fig ure rep re sents the me dian ex pen di ture. Sev eral ma chines had zero in sur ance costs.
b Be cause of the skewed dis tri bu tion, the interquartile range (25–75%) is pre sented.

Note: NA = not ap pli ca ble.



Fuel and Oil

Ex pen di tures for fuel and oil to taled $4.6
 million for the sur vey to tal of al most 486 000 PMHs
(Ta ble 9). For firms that were un able to pro vide per-
ma chine es ti mates of fuel and oil costs, to tal ex pen -
di ture for fuel and oil was pro rated among in di vid -
ual ma chines ac cord ing to the per cent age of to tal
PMHs rep re sented by each ma chine. The  validity
of this ap proach was tested by com par ing ac tual
per-ma chine fuel and oil costs from firms that were
able to pro vide the data in this form with fuel and
oil costs es ti mated in this man ner. A paired dif fer -
ence t-test and a nonparametric Wilcoxon signed-
rank test showed that there was no sig nif i cant dif -
fer ence at the 95% level of con fi dence be tween
 actual and es ti mated per-ma chine fuel and oil costs
(Ap pen dix 13). This pro rat ing method was there -
fore adopted for the firms that were able to pro vide
only to tal ex pen di tures for fuel and oil. How ever,
for some of these firms, the to tal ex pen di ture for
fuel and oil in cluded the cost of fuel and oil for var i -
ous ser vice and sup port ve hi cles; in these cases, it
was not pos si ble to sep a rate the costs for log ging
ma chin ery from those for ser vice and sup port
 vehicles.

Other Costs

The sur vey form also re quested in for ma tion
con cern ing other costs in curred by the firm, in clud -
ing haul ing costs in curred by the firm’s own haul -
ing op er a tions (i.e., in de pend ent of sub con trac tors),
costs of op er at ing a log ging camp or costs in curred
for the use of an other firm’s camp, to tal de pre ci a -
tion of log ging ma chines over the fis cal year,

and over head. Hauling costs have al ready been
 discussed.

Twenty-one firms op er ated a log ging camp,
with an av er age to tal cost of $67 250 for the log ging
sea son. The costs of op er at ing a log ging camp
ranged from $0.06 to $1.16/m3 (av er age $0.37/m3).
No cor re la tions ex isted be tween the use or cost of
op er at ing a log ging camp and the to tal vol ume har -
vested or the num ber of gen eral ar eas in use dur ing
the log ging sea son; be cause em ploy ment data were 
not col lected, they can not be used to pre dict log -
ging camp us age or cost. This find ing sug gests that
the use of a log ging camp de pends to a great ex tent
on the prox im ity of log ging op er a tions to the res i -
dences of the firm’s equip ment op er a tors and on-
site su per vi sors.

Each firm was asked to re port the an nual de pre -
ci a tion of its log ging ma chin ery dur ing the fis cal
year in which the log ging sea son oc curred. How -
ever, most firms pro vided an over all fig ure for the
de pre ci a tion of all as sets (in clud ing build ings and
ser vice ve hi cles) be cause the over all fig ure was
most readily at hand. None the less, be cause of their
high pur chase costs, log ging and road-build ing
ma chin ery would ac count for the bulk of a log ging
firm’s to tal de pre ci a tion (based on the de pre ci a tion
of log ging and road-build ing ma chin ery de ter mined
dur ing cal cu la tion of re sid ual value for in sur ance
es ti ma tion pro ce dures). The av er age rate of de pre -
ci a tion was 23.5%.

De pre ci a tion to taled $10 322 482. The larger
firms gen er ally in curred higher de pre ci a tion be -
cause they owned more ma chin ery, al though this
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Ta ble 8. An nual ex pen di tures on op er a tor wages and ben e fits for log ging and road-build ing ma chin ery

Type of ma chine 
No. of

ma chines
 To tal  no.
 of PMHs

To tal no.
of SMHs

To tal
ex pen di ture

($)

 Ex pen di ture ($/PMH)

Av er age Min i mum Max i mum
Stan dard
de vi a tion

Feller–bunchers  46  106 805 127 822  3 099 435 29.02 13.54 51.23  8.11
Har vesters and pro ces sors  11   19 576  25 877    601 281 30.72 13.25 40.00  6.48
Skidders and for ward ers  61  127 141 147 512  3 579 114 28.15 13.53 51.23 10.04
Delimbers  a57a  157 324 191 153  4 697 138 29.86 13.53 52.67  8.76
Loaders   8   13 931  16 870    408 295 29.31 22.87 35.24  4.50
All log ging ma chines 183  424 777 509 234 12 385 263 29.16 13.25 52.67  8.76
Road-build ing ma chines  b54b   61 086  72 605  1 791 579 29.33 13.53 51.23  6.43
All ma chin ery 237  485 863 581 839 14 176 842 NA NA NA NA

a One delimber was idle for the log ging sea son and was not in cluded in the anal y sis.
b One crawler had neg li gi ble pro duc tive ma chine hours and was not in cluded in the anal y sis.

Note: PMH = pro duc tive ma chine hours, SMH = sched uled ma chine hours, NA = not ap pli ca ble.



re la tion ship was in flu enced by the mix of ages and
pur chase prices of each firm’s com ple ment of ma -
chin ery. De pre ci a tion cer tainly has to be fac tored
into the cost of do ing busi ness to lessen the cost of
fu ture pur chases be cause de pre ci a tion can be used
to lower tax able cor po rate in come. De pre ci a tion
av er aged $0.58/m3. This fig ure was cal cu lated as
the to tal de pre ci a tion of all firms di vided by the
sum of vol umes pro cessed in all log ging phases
and the vol ume felled by firms that built roads.

Over head was de ter mined by sub tract ing all
costs, in clud ing de pre ci a tion, from the firm’s to tal
rev e nue from log ging. The to tal rev e nue earned by
all firms sam pled was $82 735 699. In the LCS over -
head rep re sents a catch all fig ure for any other costs
in curred that could not be item ized. It thus in cludes 
a myr iad of items, such as the costs of run ning an
 office or op er at ing a shop for the re pair and main -
te nance of log ging and other equip ment, the costs
as so ci ated with build ing roads that are not re -
flected in the cost of op er at ing road-build ing
equip ment (such as the pur chase of cul verts), the
costs of op er at ing a fleet of ser vice ve hi cles such as
trucks for trans port ing fuel and heavy equip ment
and pick-up trucks, on-site su per vi sory costs, and,
of course, taxes. Over head also in cludes any profit
the firm gen er ated. Nine firms had neg a tive over -
head. Over head ranged from $0.16 to $10.2/m3 (av -
er age $2.35/m3).

Sum mary of Logging Costs

Ta ble 10 sum ma rizes the av er age costs of op er -
at ing log ging ma chin ery and op er at ing a log ging
firm in gen eral. The av er age cost of log ging in

 Alberta by the 29 firms was $14.00/m3 and the av -
er age cost of haul ing was $0.0354/t-km (Ta ble 1).

Es ti ma tion of Ma chine Pro duc tiv ity

Whether a re searcher is in ves ti gat ing the po ten tial
fi nan cial re turn of an in ten sive for est-man age ment
re gime over a large land area or a log ger is con tem -
plat ing rate ne go ti a tions with a for est prod ucts
firm for the com ing sea son, ad vance es ti mates of
the po ten tial pro duc tiv ity of log ging op er a tions,
based on the na ture of the for est to be logged, are
valu able. One of the ob jec tives of the LCS was to in -
ves ti gate the de vel op ment of mod els that could,
with rea son able ac cu racy, pre dict the pro duc tiv ity
of log ging op er a tions on the ba sis of for est and ma -
chine char ac ter is tics. The cost of log ging the for est
would flow from these pro duc tiv ity es ti mates, ac -
cord ing to the cost av er ages out lined ear lier in this
re port (in the case of the re searcher) or from in-
depth knowl edge of the hourly costs of op er at ing
the  machinery and the over head costs of op er at ing
the busi ness (in the case of the log ger).

In the anal y sis of the LCS data, re gres sion equa -
tions were de vel oped to pre dict the pro duc tiv ity of
each phase of log ging in terms of cu bic metres of
har vest per PMH (the de pend ent vari able) in re la -
tion to a num ber of for est and ma chine char ac ter is -
tics (the in de pend ent vari ables). Be fore re gres sion
mod els could be de vel oped, how ever, a num ber of
for est and log ging char ac ter is tics had to be quan ti -
fied in a man ner that per mit ted their in cor po ra tion
into a mul ti ple-re gres sion anal y sis.
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Ta ble 9. An nual ex pen di tures on fuel and oil for log ging and road-build ing ma chin ery

Type of ma chine  
No. of

ma chines
To tal  no.
of PMHs

To tal
ex pen di ture

($)

  Ex pen di ture ($/PMH)

Av er age Min i mum Max i mum
Stan dard
de vi a tion

Feller–bunchers  46 106 805 1 063 464  9.96 4.55 27.78 4.67
Har vesters and pro ces sors  11  19 576   171 186  8.74 4.55 16.89 3.30
Skidders and for ward ers  61 127 141 1 055 544  8.30 4.55 27.78 4.53
Delimbers  a57a 157 324 1 514 462  9.63 4.44 27.78 5.13
Loaders   8  13 931   142 958 10.26 5.50 27.78 6.63
All log ging ma chines 183 424 777 3 947 614  9.29 4.44 27.78 4.83
Road-build ing ma chines  b54b  61 086   686 009 11.23 4.55 27.78 4.91
All ma chin ery 237 485 863 4 633 623 NA NA NA NA

a One delimber was idle for the log ging sea son and was not in cluded in the anal y sis.
b One crawler had neg li gi ble pro duc tive ma chine hours and was not in cluded in the anal y sis.

Note: PMH = pro duc tive ma chine hours, NA = not ap pli ca ble.
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Ta ble 10. Av er age cost of log ging in Albertaa

Cost fac tor 
 Av er age log ging cost ($/m3)

Av er age road-
build ing

costs ($/m3)

To tal
av er age coste

($/m3)Fellingb Skiddingc Processingd Loading

Fixed ma chine costs
 In sur ance 0.07 0.05 0.06 0.03 0.02  0.23
 Loan pay ments 0.86 0.62 0.85 0.73 0.22  3.28
 Sub to tal 0.93 0.67 0.91 0.76 0.24  3.51

Vari able ma chine costs
 Re pairs and al ter ations f0.48f g0.36g h0.42h i0.23i j0.29j  1.78
 Op er a tor wages and ben e fits 0.82 0.86 0.99 0.63 0.44  3.74
 Fuel and oil 0.27 0.25 0.32 0.22 0.17  1.23
 Sub to tal 1.57 1.47 1.73 1.08 0.90  6.75

To tal ma chine costs 2.50 2.14 2.64 1.84 1.14 10.26

Subcontractorsk 3.32 2.73 l3.00l 1.69 mNAm  n1.12n

Camps NA NA NA NA NA  o0.27o

Over head NA NA NA NA NA  p2.35p

To tal NA NA NA NA NA 14.00

a Av er age haul ing cost for the 11 log ging firms that hauled tim ber was $0.0354/t-km (see Ta ble 1).
b Feller–bunchers and har vest ers. All har vester costs were at trib uted to fell ing.
c Skidders and for ward ers.
d Delimbers and pro ces sors.
e Sum of av er age cost for each log ging phase plus av er age road-build ing costs.
f Based on the vol ume felled by the 31 ma chines for which re pair and al ter ation costs were avail able. In cludes ma chines that had zero

costs for re pairs and al ter ations.
g Based on the vol ume skid ded and for warded by the 35 ma chines for which re pair and al ter ation costs were avail able. In cludes

 machines that had zero costs for re pairs and al ter ations.
h Based on the vol ume pro cessed by the 33 ma chines for which re pair and al ter ation costs were avail able. In cludes ma chines that had

zero costs for re pairs and al ter ations.
i Based on the 7 ma chines for which re pair and al ter ation costs were avail able.
j Based on the 34 ma chines for which re pair and al ter ation costs were avail able. In cludes ma chines that had zero costs for re pairs and

 alterations. Vol ume based on the to tal vol ume felled, in clud ing fell ing by sub con trac tors, by the firms that owned these 34 ma chines.
k All costs, ex cept the to tal av er age cost, are based on the vol umes pro cessed by sub con trac tors in each log ging phase.
l In cludes slash ing.
mNo sub con trac tors built roads.
n Rep re sents the av er age costs of sub con trac tors (per cu bic metre) over the whole sur vey, in clud ing firms that did not em ploy sub con -

trac tors. Fig ure is based on to tal vol ume of tim ber felled.
o In cludes firms with zero camp costs. Based on to tal vol ume felled, in clud ing fell ing by sub con trac tors.
p Neg a tive over heads were treated as pos i tive, be cause they rep re sent le git i mate costs that firms must meet.

Note:  NA = not ap pli ca ble.



Slope In dex

In dexes are gen er ally used to in di cate changes
in the sta tus or quan tity of sev eral mea sur able
items, that have some de gree of com mon al ity
among them, with re spect to a ref er ence level or
 reference date. The Con sumer Price In dex is a well-
known ex am ple. In the LCS, the ref er ence level for
slope is a log ging area with no slope or gen er ally
flat con di tions. An in dex can as sume any nu mer i -
cal de nom i na tion; the im por tant char ac ter is tic is
that changes in the value of the in dex must be con -
sis tent with the de nom i na tion if the in dex is to be
used in sta tis ti cal anal y ses that in cor po rate the
vari ance or dis tri bu tion of the vari ables be ing
 analyzed.

The slope in dex was de ter mined by mul ti ply -
ing the per cent age of the to tal num ber of cutblocks
within each slope class by an ar bi trarily as signed
point score for that slope class. The gen er ally flat
slope class was as signed two points, the mod er -
ately steep slope class was as signed four points,
and the steeper-than-usual slope class was as signed
six points. In this type of in dex, the in ter val be tween 
con sec u tive pairs of classes must be con sis tent (in
this case, the in ter val was two points). In con sis tent
in ter vals falsely skew the dis tri bu tion of the in -
dexes; for ex am ple, as sign ing a value of seven to
the steeper-than-usual slope class would skew the
 distribution to ward steeper slopes than ac tu ally
 existed.

The higher the slope in dex, the steeper the con -
di tions in which the firm had to op er ate. A firm
with 50% of cutblocks rated as gen er ally flat and
50% of cutblocks rated as mod er ately steep would
be as signed an in dex of 300. The av er age slope in -
dex for firms in the LCS was 285 (Fig. 1), only four
firms had an over all slope in dex greater than 400,
i.e., mod er ately steep (Ap pen dix 4).

Tree Size In dexes

Two tree size in dexes were de vel oped to re flect
a firm’s av er age piece size. One in dex, termed the
mod i fied pro por tional tim ber size in dex, in te grated
sub jec tive piece size rat ings with nu meric tree sizes,
whereas the other in dex, the quan ti ta tive tim ber
size in dex, was based on nu meric tree sizes only.

The mod i fied pro por tional tim ber size in dex
can be de ter mined in one or more steps. The first
step is to mul ti ply the per cent age of to tal vol ume
har vested in any tim ber size rat ing by its points
score times the ac tual tim ber size (in trees per cu bic

metre) for that tim ber size rat ing. This is re peated
for all tim ber size rat ings (usu ally no more than two 
cor re spond ing to the co nif er ous and de cid u ous
har vest), with the re sul tant in dexes summed to
come up with the over all in dex for that firm. The
larger-than-nor mal rat ing was ar bi trarily as signed
two points, the about-nor mal rat ing was as signed
four points, and the smaller-than-usual rat ing was
as signed six points. The larger the in dex, the
smaller the tim ber har vested, and there fore the
higher the cost of har vest ing. For ex am ple, a firm
with 15% of its to tal har vest from co nif er ous for ests
rated smaller than usual with 4.5 trees/m3, and
85% of its to tal har vest from de cid u ous for ests
rated about nor mal in size, with 2.75 trees/m3,
would have an in dex of 1340 (15 × 6 × 4.5) + (85 × 4 ×
2.75).

The quan ti ta tive tim ber size in dex was de ter -
mined by mul ti ply ing the per cent age of to tal
 volume rep re sented by each spe cies group by the
re spec tive tim ber size (in trees per cu bic metre) and
sum ming each spe cies group’s in dex to ar rive at the 
over all quan ti ta tive tim ber size in dex for a firm.
This in dex dif fers from the mod i fied pro por tional
tim ber size in dex be cause it omits the sub jec tive
rat ing of tim ber sizes made by the firms’ own ers.
Again, the larger the in dex, the smaller the tim ber
har vested, and there fore the higher the cost of har -
vest ing. For ex am ple, a firm with a 15% co nif er ous
har vest with 4.5 trees/m3 and an 85% de cid u ous
har vest with 2.75 trees/m3 would have an in dex
of 301.25 (15 × 4.5) + (85 × 2.75). The max i mum
 possible value of this in dex was 650.

The mod i fied pro por tional tim ber size in dex
ranged from 485 to 3276 (av er age 1473) (Fig. 2). The
quan ti ta tive tim ber size in dex ranged from 202 to
650 (av er age 348) (Fig. 3 and Ap pen dix 4).

Sorting and Bucking In dexes

Sorting and buck ing are sig nif i cant cost fac tors
in log ging op er a tions. Logging con trac tors of ten
har vest for dif fer ent for est prod uct firms that
 require dif fer ent spe cies or log lengths. Tim ber is
com monly sorted by spe cies group. An other com -
mon re quire ment is sort ing by log type (pulp wood
logs and saw logs) for var i ous kinds of for est prod -
ucts. De cid u ous logs are largely used in pulp mills
and ori ented strand-board plants. A spe cies group
may also be sorted by spe cies (bal sam fir, for ex am -
ple, is some times sep a rated from other co nif er ous
spe cies); how ever, spe cies-level in for ma tion was
not col lected in the LCS. Logging op er a tions

14 Inf. Rep. NOR-X-375
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all firms.



 conducted in mixed-wood for ests were not con sid -
ered to in volve any sort ing if a co nif er ous har vest
was per formed in one area and a de cid u ous har vest 
in an other area.

Al though some firms claimed an ad di tional
sort for over size tim ber, com ments made dur ing
the in ter views in di cated that many firms con -
tended with over size tim ber in their op er a tions but
did not view this as a dis tinct sort ing pro ce dure.
There fore, for con sis tency, sorts based on over size
tim ber were not used in the sort in dex. The types of
all sorts were summed to de ter mine the to tal
 number of sorts per formed (Ta ble 11). Ap pen dix 4
pres ents the sort ing in dexes for the LCS.

The buck ing in dex was as signed a value of 0 if
tree-length har vest ing was per formed and a value
of 1 if cut-to-length har vest ing was per formed. Short-
wood har vest ing was also as signed a value of 1 be -
cause it can be con sid ered a form of cut-to-length
har vest ing. Al though some firms sup plied the dis -
tri bu tion of har vest vol ume among the var i ous
lengths gen er ated in their cut-to-length op er a tions,
other firms did not. There fore, it was not pos si ble to
as sign a value to the buck ing in dex to re flect this
dis tri bu tion. The buck ing in dex  simply in di cates
whether buck ing was per formed. How ever, this
 index also re flects whether buck ing was done for
one or both spe cies groups for  pulpwood logs. The
in dex was in cre mented to a max i mum value of 3 if

saw logs and both spe cies groups for pulp wood
logs were bucked (Ta ble 11).

Slashing was not as sumed to be equiv a lent to
buck ing. Slashing is a sep a rate func tion from fell -
ing and cut ting-to-length (us ing delimbers or
 processors) for which the buck ing in dex was de vel -
oped. Ap pen dix 4 dis plays the val ues of the buck -
ing in dex for all firms.

Spe cies Di ver si fi ca tion In dex

Sorting be comes an in creas ingly sig nif i cant
cost fac tor as the pro por tion of to tal vol ume pro -
cessed that re quires sort ing in creases. The spe cies
di ver si fi ca tion in dex (SDI) was there fore de vel -
oped to com ple ment and en hance the sort ing in -
dex. The SDI was sim ply the per cent age of the
firm’s to tal har vest vol ume (in cu bic metres) rep re -
sented by the more com mon spe cies group. The
smaller the SDI, the greater the ef fort de voted to
sort ing. Values of the SDI ranged from 50 to 100.
Spe cies di ver si fi ca tion in dex val ues are pre sented
in Ap pen dix 4.

It was not pos si ble to cre ate an other sort ing
 index to in di cate the amount of sort ing re quired by
spe cies group for each log type, be cause the firms
were not asked to pro vide this level of de tail. How -
ever, in Al berta gen er ally, pulp wood logs can be
 either de cid u ous or co nif er ous tim ber, whereas
saw logs are al most en tirely co nif er ous tim ber.
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Sea sonal In dex

Six teen firms con ducted a por tion of their
 operations in the sum mer months; how ever, the
pro por tion of their tim ber vol ume pro cessed dur -
ing sum mer was not re quested. The sea sonal in dex
there fore merely in di cates whether log ging oc curred
in both sum mer and win ter (in dex = 2) or in win ter
only (in dex = 1) (Ap pen dix 4).

Logging Methods In dex

This in dex was used to in di cate whether a por -
tion of a firm’s op er a tions in volved cut-to-length
har vest ing or at-the-stump pro cess ing. Ten of the
firms sur veyed per formed at-the-stump pro cess ing
(method BR) or cut-to-length har vest ing (method
ER) and two of these firms per formed both at-the-
stump pro cess ing and cut-to-length har vest ing
(Ap pen dix 4). How ever, the pro por tion of to tal vol -
ume pro cessed that was cut to length or pro cessed
at the stump was not re quested. This in dex was
coded 1 if tree-length har vest ing only was per -
formed and 2 if some cut-to-length har vest ing or at-
the-stump pro cess ing was per formed ( Appendix 4).

Felling Pro duc tiv ity

In for ma tion on 54 pieces of fell ing ma chin ery
from the 27 firms that con ducted fell ing op er a tions
were sam pled in the LCS. Forty-six of these ma -
chines were feller–bunchers, and the re main der
were multifunction har vest ers. Un like feller–
bunchers, har vest ers per form fell ing and cut-to-
length or pro cess ing func tions at the stump.
 Processing con sists of delimbing, top ping, and

buck ing or cut ting to length. Cut to length logs are
cut into shorter, more pre cise lengths than when
they are bucked, a sim i lar term. Bucking is usu ally
per formed by a delimber or, on oc ca sion, with a
chain saw. Bucking can also be per formed by cut-to-
length ma chin ery. Pro ces sors usu ally per form cut-
to-length func tions at the stump or at road side.
 Processed logs are picked up by a for warder to be
car ried to road side, al though a num ber of firms
used skidders (in clud ing clam-bunk skidders) for
this pur pose. There fore, be fore a model could be
de vel oped to pre dict fell ing pro duc tiv ity ac cord ing 
to for est and ma chine char ac ter is tics, the to tal pro -
duc tive time of har vest ers had to be weighted by a
fac tor es ti mat ing the num ber of PMHs ac tu ally de -
voted to fell ing. Felling in cludes the se lec tion or
pick ing of the next tree fol low ing the one just felled
or pro cessed, and may in volve mov ing the whole
ma chine, po si tion ing the cut ting head on the tree
and cut ting it, and fi nally pil ing the trees in a bunch
on the ground (feller–bunchers) or re-po si tion ing
the tree for take-up by the pro cess ing unit (for
 harvesters).

Weighting fac tors were not col lected in the LCS; 
con se quently, gen eral weight ing fac tors were
 derived from Sauder (1992), which re ported on
con ven tional log ging equip ment and Scan di na vian 
cut-to-length har vest ers and for ward ers as they
har vested two-story mixed-wood stands in cen tral
Al berta. The study was con ducted at three sites,
and at two of these sites, har vest ers were used.
Weighting fac tors used in the pres ent re port are
based on the av er age per cent ages of to tal pro duc -
tive time de voted to fell ing and pro cess ing (Ta bles
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Con di tions   In dex valuea

Sorting
No sorting
Sorting by log type
Sorting by species group for pulpwood logs






0–2

Bucking
Tree-length harvesting for both log types and species groups
Cut-to-length harvesting for coniferous pulpwood logs
Cut-to-length harvesting for deciduous pulpwood logs
Cut-to-length harvesting for sawlogs









0–3

a In dex is de ter mined on the ba sis of the num ber of con di tions met (e.g., if one con di tion met, in dex = 0).

Ta ble 11. Sum mary of sort ing and buck ing con di tions used to de ter mine sort -
ing and buck ing in dexes



11 and 17 in Sauder [1992]). The re sult ing av er age
weight ing fac tors were 38.85% for fell ing and
47.05% for pro cess ing. The fac tors in cluded move-
to-cut and move-to-pro cess ma chine func tions. The 
re main ing 14.1% was de voted to gen eral brush ing
func tions and de lays of less than 15 min be cause of
op er a tional and me chan i cal rea sons. The to tal pro -
duc tive time (in PMHs) for each har vester in the
LCS was first mul ti plied by 38.85% to es ti mate the
num ber of PMHs de voted to fell ing be fore the over -
all fell ing pro duc tiv ity was de ter mined for the
firm.

The vari a tion in fell ing rates among firms was
con sid er able, rang ing from 22.5 to 56.7 m3/PMH
(av er age 39.1 m3/PMH). Down time for all fell ing
ma chines ranged from 0.55 to 0.95 (av er age 0.83).
Down time for feller–bunchers only ranged from
0.63 to 0.95 (av er age 0.84). Felling rates were com -
pared against data for for est and site vari ables, as
well as against data for log ging op er a tion vari ables
such as av er age age of the fell ing ma chines and
sort ing in dex, to de ter mine how much of the vari a -
tion in fell ing rates could be ex plained by the in de -
pend ent vari ables. Or di nary least-squares mul ti ple 
re gres sion was used for these com par i sons, with
the aim of de vel op ing a model to pre dict fell ing
pro duc tiv ity.

The in de pend ent vari ables that were sig nif i cant 
in ex plain ing the vari a tion in fell ing rates (at the
0.05% level of sig nif i cance) are pre sented be low.
The quan ti ta tive tim ber size in dex ex plained more
of the vari a tion than the mod i fied pro por tional tim -
ber size in dex, which sug gests that firms’ sub jec tive 
rat ings of tim ber size are less im por tant to log ging
pro duc tiv ity than ac tual tree sizes. This re sult may
have been due in part to some over lap in nu mer i cal
tree sizes be tween sub jec tive size rat ings.

For est types in the re gres sion anal y ses were ini -
tially coded as 1 for the pre dom i nantly co nif er ous
for est type, 2 for the pre dom i nantly mixed-wood
for est type, and 3 for the pre dom i nantly hard wood
for est type. Coding for firms that con ducted op er a -
tions in more than one for est type were as signed on
the ba sis of the for est type in which the ma jor ity of
the firm’s to tal vol ume was har vested. Sub se -
quently, firms that con ducted the bulk of their op er -
a tions in the pre dom i nantly mixed-wood for est
type were as signed to ei ther the soft wood or hard -
wood for est type, ac cord ing to which spe cies group 
rep re sented the larger por tion of the to tal har vest
be cause this re sulted in a better model (higher R2).

In this sit u a tion, the hard wood for est type was
coded as 2.

The good ness-of-fit sta tis tic (R2) was high, at
0.88. Good ness-of-fit sta tis tics were even better
when sep a rate re gres sion anal y ses were per formed 
for each for est type; how ever, the num bers and
types of sig nif i cant in de pend ent vari ables were
some what dif fer ent in each model, be cause of the
lower num ber of ob ser va tions (lower num ber of
firms) for each for est type.

The re sult ing re gres sion-based model for fell ing
pro duc tiv ity is pre sented be low, and the com plete
anal y sis, in clud ing con fi dence lim its for pre dicted
productivities, is pre sented in Ap pen dix 14.

For the re gres sion model pre dict ing fell ing pro -
duc tiv ity (in cu bic metres per PMH), n = 26, R2 =
0.88, and level of sig nif i cance = 0.05%. Ini tial re -
gres sion mod els de vel oped with data for the 27
firms that con ducted fell ing re vealed that one firm
had a pro duc tiv ity that was highly im prob a ble in
re la tion to the val ues of the in de pend ent vari ables,
as ev i denced by high val ues of Stu dent re sid u als
and Cook’s D. This out lier firm was dropped from
the fi nal anal y sis shown in Ap pen dix 14.

Felling rate = !102.663 + (0.199 × QUANT) ! (0.246 ×
Q2) ! (7.925 × VQ) ! (0.0549 × SLOPE2) ! (6.748 ×
AVAGE) + (0.483 × AV2) + (13.428 × FTYPE) +
(2.559 × SDI) ! (14.082 × SDI2) + (4.839 ×
SUMWIN) + (2.529 × SOBUCK) ! (6.447 ×
STUCK) + (7.531 × STUMP)

where 
QUANT = quan ti ta tive tim ber size in dex;
Q2 = quan ti ta tive tim ber size in dex squared

 divided by 1000;
VQ = quan ti ta tive tim ber size in dex di vided by

av er age vol ume (in cu bic metres per hect are);
SLOPE2 = square of slope in dex di vided by

1000;
AVAGE = av er age age (in years) of all fell ing

ma chines owned by the firm;
AV2 = av er age age (in years) of all fell ing

 machines owned by the firm squared;
FTYPE = for est type;
SDI = spe cies di ver si fi ca tion in dex;
SDI2 = spe cies di ver si fi ca tion in dex squared

 divided by 1000;
SUMWIN = sea sonal in dex;
SOBUCK = sort in dex + buck ing in dex;
STUCK = log ging meth ods in dex + buck ing

 index; and
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STUMP = log ging meth ods in dex.

In ad di tion to a high value of R2 and the in clu -
sion of in de pend ent vari ables, at the 0.05% level of
sig nif i cance, that were ex pected to in flu ence fell ing
rates, the sound ness of the model is re in forced by
the sign of most of the vari ables. The co ef fi cient of
the VQ vari able is neg a tive, for ex am ple, which is
con sis tent with the ex pec ta tion that, for a de rived
vari able in volv ing piece size, smaller piece sizes
(i.e., higher val ues of the in dex for a given vol ume
per hect are) are as so ci ated with lower fell ing pro -
duc tiv ity. The QUANT, Q2, and VQ vari ables were
col lec tively more pow er ful pre dic tors of fell ing
pro duc tiv ity than was the quan ti ta tive tim ber size
in dex alone (over all R2 dropped to 0.79 when the
quan ti ta tive tim ber size in dex was used alone),
which high lights the in ter re lat ed ness of vol ume
per area and tree size. Sim i larly, the net co ef fi cient
of the AVAGE and AV2 vari ables is neg a tive, which
in di cates that pro duc tiv ity de clines as ma chines
age. The av er age age of a firm’s fell ing ma chines
ranged from 1.0 year to 11.0 years (over all mean
3.35 years). The in flu ence of at-the-stump pro cess -
ing or cut-to-length har vest ing on fell ing pro duc -
tiv ity was best cap tured by the log ging meth ods
in dex (STUMP) in com bi na tion with the de rived
SOBUCK and STUCK vari ables. Ten firms em ployed
at-the-stump pro cess ing and/or cut-to-length
 harvesting for all or part of their op er a tions.

Data for many sources of vari a tion could not be
col lected, which lim its the ac cu racy and pre dic tive
power of this model. The miss ing fac tors in clude
tree size ranges (the mid point of the range was used 
in all anal y ses), ac tual pro duc tive time for each
 machine (these data were of ten ap prox i mate or
 estimated), har vester weight ing fac tors (which
 varied from one firm to the next), op er a tor ex pe ri -
ence, ground rough ness or ston i ness, and eco log i -
cal con cerns such as the de gree of understory
pro tec tion prac ticed dur ing fell ing and the de gree
of par tial har vest ing.

Skidding Pro duc tiv ity

Data for the 23 firms that per formed skid ding
op er a tions rep re sented in for ma tion for 56 skidders
and 5 for ward ers. Be cause for ward ers are sin gle-
pur pose ma chines that work in con junc tion with
feller–bunchers or har vest ers, no weight ing fac tors
were ap plied to them. Rich ard son and Makkonen
(1994) noted that for ward ers are gen er ally used for
lon ger ex trac tion dis tances than skidders, and that
for warder pro duc tiv ity is strongly af fected by the

du ra tion of load ing and un load ing. Pro duc tiv ity
for skidders and for ward ers ranged from 15.0 to
65.5 m3/PMH (av er age 34.0 m3/PMH). The av er -
age age of a firm’s skidders and for ward ers ranged
from 1.0 to 12.5 years (over all mean 3.60 years). The
dis tri bu tion of age was highly skewed, with 16 of 20 
firms used in the anal y sis pos sess ing an av er age
ma chine age less than the sur vey av er age. Down -
time for skidders ranged from 0.70 to 0.98 (av er age
0.87), whereas down time for for ward ers ranged
from 0.55 to 0.95 (av er age 0.80).

Skidding rates were com pared against data for
for est and site vari ables, as well as against data for
log ging op er a tion vari ables such as av er age age of
the skidders and sort ing in dex, to de ter mine how
much of the vari a tion in skid ding rates could be ex -
plained by the in de pend ent vari ables. Or di nary
least-squares mul ti ple re gres sion was used for
these com par i sons, with the aim of de vel op ing a
model to pre dict skid ding pro duc tiv ity.

The in de pend ent vari ables that were sig nif i cant 
in ex plain ing the vari a tion in skid ding rates (at the
0.05% level of sig nif i cance) are pre sented be low. A
de rived vari able, VQ, de ter mined by di vid ing the
quan ti ta tive tim ber size in dex by vol ume (in cu bic
metres per hect are), ex plained more of the vari a tion 
in skid ding pro duc tiv ity than ei ther of these vari -
ables alone. The quan ti ta tive tim ber size in dex was
also sig nif i cant in ex plain ing vari a tion in skid ding
pro duc tiv ity. An other de rived vari able, AV2
(square of av er age ma chine age), was also sig nif i -
cant. Al though it was not pos si ble to de ter mine
 total or av er age per-firm skid ding dis tances or
 average skidder speeds, av er age cutblock size was
an tic i pated to be a proxy for skid ding dis tance, on
the as sump tion that larger av er age cutblock sizes
would be as so ci ated with lon ger skid ding dis tances. 
Av er age cutblock size (AVCUT) was sig nif i cant in
ex plain ing vari a tion in skid ding pro duc tiv ity.
How ever, the pos i tive value of the co ef fi cient of the
AVCUT vari able sug gests that larger cutblocks re -
sult in higher pro duc tiv ity. This may be be cause
larger cutblocks re sult in more re peated use of skid
trails that equate to higher skidder or for warder
speeds that more than off set lon ger skid ding dis -
tances. The to tal vol ume har vested by each firm
(VOL UME) and the to tal num ber of cutblocks that
un der went cut ting dur ing the log ging sea son
(TOTB) were also sig nif i cant in ex plain ing vari a -
tion in skid ding pro duc tiv ity. There was a trend to -
wards larger av er age cutblock sizes as the vol ume
har vested in creased among the firms in the LCS.
The neg a tive co ef fi cient of the TOTB vari able may

Inf. Rep. NOR-X-375 19



in di cate that road side con di tions in some cutblocks
were un suit able for log ging op er a tions, which
would ne ces si tate the trans port of logs to other
cutblocks. These three vari ables (av er age cutblock
size, to tal num ber of cutblocks, and to tal vol ume
har vested) served as a better proxy for skid ding
speeds and dis tances than av er age cutblock size
alone. Slope was also sig nif i cant in ex plain ing
skidder pro duc tiv ity, which sug gests that over all
skidder speed and pro duc tiv ity are sen si tive to
slope.

The good ness-of-fit sta tis tic (R2) was mod er -
ately high, at 0.79. The re sult ing re gres sion-based
model for skid ding pro duc tiv ity is pre sented be -
low, and the com plete anal y sis, in clud ing con fi -
dence lim its for pre dicted productivities, is
pre sented in Ap pen dix 15.

For the re gres sion model pre dict ing skid ding
pro duc tiv ity (in cu bic metres per PMH), n = 20, R2 =
0.79, and level of sig nif i cance = 0.05%. Ini tial re -
gres sion mod els de vel oped with data for the 23
firms that con ducted skid ding re vealed that 3 firms
had productivities that were highly im prob a ble in
re la tion to the val ues of the in de pend ent vari ables,
as ev i denced by high val ues of Stu dent re sid u als
and Cook’s D. These out lier firms were dropped
from the fi nal anal y sis shown in Ap pen dix 15.

Skidding rate = !13.243 + (0.151 × QUANT) ! (0.0516 
× SLOPE) + (6.749 × AVAGE) + (0.41 × SDI) +
(0.277 × AVCUT) ! (0.33 × TOTB) ! (15.842 ×
STUMP) ! (0.497 × AV2) ! (18.821 × VQ) +
(0.000154 × VOL UME)

where
QUANT = quan ti ta tive tim ber size in dex;
SLOPE = slope in dex;
AVAGE = av er age age of ma chines in years;
SDI = spe cies di ver si fi ca tion in dex;
AVCUT = av er age cutblock size in hect ares;
TOTB = to tal num ber of cutblocks;
STUMP = log ging meth ods in dex;
AV2 = square of av er age age of all skid ding

 machines owned by the firm;
VQ = quan ti ta tive tim ber size in dex di vided

by av er age vol ume (in cu bic metres per
 hectare); and

VOL UME = to tal vol ume har vested in cu bic
metres.

Data for many sources of vari a tion could not be
col lected, which lim its the ac cu racy and pre dic tive
power of this model. The miss ing fac tors in clude

tree size ranges (the mid point of the range was used 
in all anal y ses), ac tual pro duc tive time for each ma -
chine (these data were of ten ap prox i mate or es ti -
mated), op er a tor ex pe ri ence, ground rough ness or
ston i ness, whether skid trails were used re peat edly
to in crease av er age skidder speeds and min i mize
the area of soil com pac tion and rut ting (to ad dress
silvicultural con cerns), and, in par tic u lar, av er age
skid ding dis tance.

Pro cessing Pro duc tiv ity

In for ma tion was ob tained for 68 pieces of pro -
cess ing ma chin ery owned by 28 firms. Fifty-seven
of these ma chines were ded i cated delimbers, and
the re main der were multifunction har vest ers or
pro ces sors. There fore, be fore a model could be de -
vel oped to pre dict pro cess ing pro duc tiv ity ac cord -
ing to for est and ma chine char ac ter is tics, the to tal
pro duc tive time of har vest ers had to be weighted
by a fac tor es ti mat ing the num ber of PMHs ac tu ally 
de voted to pro cess ing. (Pro cessing at this stage
con sists of delimbing, top ping, cut ting to length,
and de pos it ing the pro cessed log in bunches at the
stump or onto a log deck at road side. Ded i cated
delimbers per form the same func tions ex cept for
cut ting to length. Delimbers may also per form
buck ing.) The weight ing fac tor used was 47.05%
(see ear lier dis cus sion on weight ing fac tors in the
sec tion on fell ing pro duc tiv ity). Ac tual weight ing
fac tors prob a bly vary widely, de pend ing to a great
de gree on the num ber of dif fer ent lengths called for
in a cut-to-length op er a tion. The to tal pro duc tive
time (in PMHs) for each har vester in the LCS was
first mul ti plied by 47.05% to es ti mate the num ber of 
PMHs de voted to pro cess ing be fore the over all
 processing pro duc tiv ity was de ter mined for the
firm.

Rates of pro duc tiv ity ranged from 14.1 to 49.3
m3/PMH (av er age 27.6 m3/PMH). Down time
ranged from 0.55 to 0.95 (av er age 0.82). Down time
for delimbers only ranged from 0.70 to 0.98 (av er -
age 0.88). The av er age age of pro cess ing ma chines
ranged from 1.5 to 9.0 years (mean 3.70 years). Pro -
cessing rates were com pared against data for for est
and site vari ables, as well as against data for log -
ging op er a tion vari ables such as av er age age of
pro cess ing ma chines and sort ing in dex, to de ter -
mine how much of the vari a tion in pro cess ing rates
could be ex plained by the in de pend ent vari ables.

Var i ous for est and ma chine char ac ter is tics were 
re gressed against pro cess ing pro duc tiv ity to de ter -
mine which fac tors were sig nif i cant in ex plain ing
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vari a tion in pro duc tiv ity. The strength of the
model—the de gree to which the sig nif i cant in de -
pend ent vari ables ex plain the vari a tion in rates of
pro duc tiv ity—was quite high (R2 = 0.82). The
 resulting re gres sion-based model for pro cess ing
pro duc tiv ity is pre sented be low, and the com plete
anal y sis, in clud ing con fi dence lim its for pre dicted
productivities, is pre sented in Ap pen dix 16.

For the re gres sion equa tion pre dict ing pro cess -
ing pro duc tiv ity (in cu bic metres per PMH), n = 27,
R2 = 0.82, and level of sig nif i cance = 0.05%. Ini tial
re gres sion mod els de vel oped with data for the
28 firms that con ducted pro cess ing re vealed that
1 firm had a pro duc tiv ity that was highly im prob -
a ble in re la tion to the val ues of the in de pend ent
vari ables, as ev i denced by high val ues of the
 Student re sid ual and Cook’s D. This out lier firm
was dropped from the fi nal anal y sis shown in
 Appendix 16.

Pro cessing rate = !156.05 + (0.173 × QUANT) +
(0.527 × SLOPE) ! (4.732 × AVAGE) ! (2.027 ×
SORT) ! (0.05 × VOLHA) + (3.027 × SDI) ! (4.626
× SUMWIN) ! (12.105 × STUMP) + (0.365 ×
AV2) ! (0.0008 × SLOPE2) ! (7.837 × VQ) ! (0.0002 
× Q2) + (0.261 × SB2) ! (0.017 × SDI2)

where
QUANT = quan ti ta tive tim ber size in dex;
SLOPE = slope in dex;
AVAGE = av er age age (in years) of all pro cess -

ing ma chines owned by the firm;
SORT = sort ing in dex;
VOLHA = av er age vol ume (in cu bic metres per

hect are);
SDI = spe cies di ver si fi ca tion in dex;
SUMWIN = sea sonal in dex;
STUMP = log ging meth ods in dex;
AV2 = square of av er age age of all pro cess ing

ma chines owned by the firm;
SLOPE2 = square of slope in dex;
VQ = quan ti ta tive tim ber size in dex di vided by

av er age vol ume (in cu bic metres per hect are);
Q2 = square of quan ti ta tive tim ber size in dex;
SB2 = square of sort ing in dex + buck ing in dex;

and
SDI2 = square of spe cies di ver si fi ca tion in dex.

The de rived vari able STUCK, the sum of the
log ging meth ods in dex and the buck ing in dex, was
not sig nif i cant in ex plain ing vari a tion in the model.
Its in clu sion in the fell ing model sug gests that the
weight ing fac tor at trib uted to the fell ing por tion of
a har vester’s work cy cle may have in cluded a

higher com po nent at trib uted to pro cess ing. The
log ging meth ods in dex, STUMP, was sig nif i cant,
sug gest ing cut-to-length har vest ing and at-the-
stump pro cess ing have lower pro duc tiv ity than
tree-length har vest ing. The strength of the model
was higher (R2 = 0.87) when the sig nif i cant fac tors
listed above were re gressed against the pro duc tiv -
ity of delimbers only. Twenty firms used delimbers
only for their delimbing and buck ing op er a tions
(to tal 44 ma chines), in clud ing firms that con ducted
at-the-stump pro cess ing as well as tree-length har -
vest ing. How ever, the log ging meth ods in dex was
not sig nif i cant in that model.

The pro cess ing model was an other model in
which the de rived vari able Q2, the square of the
quan ti ta tive tim ber size in dex, ex plained a sig nif i -
cant pro por tion of the vari a tion in pro cess ing pro -
duc tiv ity. This re flects the sen si tiv ity of pro cess ing
ma chin ery to tree sizes (Rich ard son and Makkonen 
1994; Gingras 1994). Har vested vol ume per area
(VOLHA) was sig nif i cant in this anal y sis, al though
it was not sig nif i cant in the fell ing model. Clearly,
tree size and har vested vol ume per area are re lated,
as ev i denced by the in clu sion of the de rived VQ
vari able. 

The model for pro cess ing pro duc tiv ity has the
high est to tal num ber of vari ables and the high est
num ber of in de pend ent vari ables for any of the
 logging-phase mod els. Other fac tors not ex am ined
in the LCS, in clud ing the dis tri bu tion of a har -
vester’s work cy cle among var i ous func tions,
clearly have ma jor roles in de ter min ing pro cess ing
pro duc tiv ity. In par tic u lar, the num ber of log
lengths and the as so ci ated dis tri bu tion of vol ume
per length class, as well as branchiness, live crown
ra tio, and the de gree of de fects and rot in the bole,
may be ma jor fac tors in de ter min ing pro duc tiv ity,
in con junc tion with the higher com plex ity of
delimbers and har vest ers or pro ces sors rel a tive to
other types of log ging ma chines, which places even
greater em pha sis on the skill of the op er a tor.

Road-Build ing Pro duc tiv ity

The con struc tion of log ging roads to pro vide
 access for log ging trucks and equip ment is an
 essential com ple ment to log ging. Twenty of the
firms con structed ac cess roads to con nect cutblocks
with one an other or to con nect cutblocks to the
near est haul road. Some firms also built roads for
other log ging firms or as lease work; in this case, the 
firms were asked to es ti mate the de gree to which
road-build ing was as so ci ated with their own log -
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ging op er a tions. In for ma tion was ob tained for 55
pieces of road-build ing equip ment, in clud ing bull -
doz ers, crawl ers, ex ca va tors, grad ers, and backhoes. 
Road-build ing equip ment tended to be older than
log ging ma chin ery (av er age age 12.0 and 3.5 years,
re spec tively). Road-build ing costs var ied widely,
de pend ing not only on soil con di tions, sea son, the
na ture of the ter rain, and the class of road be ing
built (the five classes of log ging roads in Al berta are 
based on de gree of per ma nence,  season of use, and
ex pected term of life), but also on the num ber and
type of bridges and cul verts that must be put in
place. The num ber of firms that were able to
 provide data on length of roads built was
 insufficient to de velop sound es ti mates of road-
build ing costs on a per-kilo metre ba sis. How ever, a
num ber of vari ables re lated to the log ging op er a -
tion, such as the to tal area har vested and av er age
cutblock size, were an tic i pated to be rea son able
prox ies for length of roads built, based on an as -
sumed cor re la tion be tween av er age cutblock size,
for ex am ple, and the num ber of PMHs re quired to
build the roads. Slope, quan ti fied by the slope in -
dex, was thought to be a rough in di ca tion of the
slope con di tions un der which road-build ing ma -
chin ery would be op er ated, given that the slope of
roads would be sim i lar to the slope of the cutblocks
to be ac cessed. The re sult ing re gres sion-based
model for road-build ing pro duc tiv ity is pre sented
be low, and the com plete anal y sis is pre sented in
Ap pen dix 17.

For the re gres sion model pre dict ing road-
build ing pro duc tiv ity (in PMH per hect are), n = 20,
R2 = 0.69, and level of sig nif i cance = 0.05%.

Num ber of PMHs per hect are = !17 618.389 +
(140.419 × SLOPE) ! (2335.342 × FTYPE) + (1.5 ×
HA) ! (1455.4 × SORT) + (1115.081 × SUMWIN) !
(0.205 × SLOPE2)

where
 SLOPE = slope in dex;
FTYPE = for est type;
HA = to tal area har vested (in hect ares);
SORT = sort ing in dex;
SUMWIN = sea sonal in dex; and
SLOPE2 = square of slope in dex.

The model was rea son ably strong (R2 = 0.69)
and ver i fied that cutblock and for est char ac ter is tics
are rea son able pre dic tors of the pro duc tive ma -
chine time re quired for the con struc tion of roads as -
so ci ated with log ging. In con trast to the mod els for
log ging phases, the av er age age of road-build ing
ma chin ery was not a fac tor. As ex pected, av er age
cutblock size was not sig nif i cant in ex plain ing vari -
a tion in the model; how ever, the sig nif i cance of
 total area har vested ver i fies that lon ger roads are
re quired as the area har vested in creases. The in clu -
sion of the sort ing in dex in the model was un ex -
pected. This sug gests that more roads are re quired
as sort ing re quire ments in crease, prob a bly be cause
of the need for more space, in the form of wider
roads or more clear ings ad ja cent to roads, for
 logging ma chin ery to ma neu ver.

DIS CUS SION

What does it cost to con duct log ging in Al berta? 
Ac cord ing to the LCS, the av er age cost of log ging in 
the pe riod stud ied was $14/m3 (Ta ble 10), a value
that fac tors in all costs as so ci ated with run ning a
log ging firm. How ever, this fig ure is based on av er -
age pro duc tiv ity and av er age fixed and vari able
costs. Costs can vary widely de pend ing on for est
con di tions and log ging char ac ter is tics, as well as
ma chine char ac ter is tics.

Only seven firms con ducted cut-to-length har -
vest ing, of which four of these also con ducted full-
tree har vest ing (Ta ble 2); con se quently, it was not
pos si ble to di rectly sep a rate the costs of cut-to-
length har vest ing from full-tree har vest ing. Com -
par i sons of costs be tween one har vest ing sys tem

and an other are most valid when all sys tems op er -
ate un der es sen tially sim i lar con di tions. For the
seven firms that con ducted cut-to-length har vest -
ing the av er age quan ti ta tive tim ber size in dex was
411, whereas the over all av er age was 348 (Fig. 3).
Any cost com par i sons would be in flu enced by the
neg a tive ef fect on pro duc tiv ity re sult ing from the
smaller tim ber han dled by firms em ploy ing cut-to-
length sys tems rather than by any in her ent cost dif -
fer ences be tween har vest ing sys tems. Costs may
also fluc tu ate be cause of mar ket con di tions and a
firm’s fi nan cial sit u a tion at a given time.

An ap proach to iso late costs may be to use the
mod els de vel oped for the var i ous phases of log -
ging, which pre dict pro duc tiv ity (in terms of cu bic
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metres per PMH) on the ba sis of for est and log ging
char ac ter is tics, as well as ma chine char ac ter is tics.
Ac tual PMHs were avail able for all ma chines in the
sur vey and were not af fected by vari a tion in the
fixed costs of op er at ing log ging equip ment. The
mod els de vel oped for the log ging phases and for
build ing roads are sum ma rized in Fig ure 4, with all
but the road-build ing model fea tur ing strong
 goodness-of-fit sta tis tics. A sum mary of the in de -
pend ent vari ables that were sig nif i cant in ex plain ing 
vari a tion in pro duc tiv ity in each model is pre sented
in Ta ble 12. The road-build ing model, with an R2 of
0.69, can be char ac ter ized as only mod er ately
strong. The productivities pre dicted by the mod els,
once the var i ous char ac ter is tics of the for est to be
har vested and the in tended log ging op er a tion have 
been de ter mined, rep re sent the mean of a con fi -
dence in ter val of up per and lower es ti mates, within 
which there is a 95% chance that the ac tual pro duc -
tiv ity will fall. Models with higher R2 val ues will
have nar rower con fi dence  intervals, whereas those
with lower R2 val ues will have wider con fi dence
 intervals, given the same level of sig nif i cance.

Roughly half of the firms in the LCS were
 unable to pro vide fixed and vari able costs for their
log ging equip ment on a per-ma chine ba sis. These
quan ti ties, namely the fixed costs of in sur ance and
loan pay ments and the vari able costs of op er a tor
wages and ben e fits, and fuel and oil, were es ti -

mated from to tals of these quan ti ties by means of
var i ous pro rat ing meth ods, which were tested for
va lid ity with data from the firms that were able to
pro vide per-ma chine cost in for ma tion. How ever,
to tal costs for re pairs and al ter ations could not be
pro rated among in di vid ual ma chines, pre sum ably
be cause of the ran dom na ture of re pairs and al ter -
ations. Es ti ma tion or pre dic tion of costs of re pairs
and al ter ations would re quire a lon ger time frame
than one sea son.

Once the es ti mated pro duc tive ma chine time
re quired to har vest a given area of for est has been
de ter mined from the mod els, the cost of log ging the 
area can be pre dicted on the ba sis of the log ger’s
knowl edge of the costs of op er at ing his or her
 machinery. Using the LCS for stra te gic plan ning
pur poses im plies us ing av er age costs of op er at ing
log ging ma chin ery or se lect ing costs within the
known cost range on the ba sis of jus ti fi able rea sons
per ti nent to the plan ning ex er cise. For est man ag ers
or re search ers us ing the LCS may also wish to use a
sub set of the var i ous types of costs in their en deav -
ors. Ta ble 10 sum ma rizes the av er age costs of log -
ging in Al berta as de ter mined in the LCS. Past
stud ies of log ging ma chin ery in Can ada have used
a fixed set of as sump tions con cern ing the cost of
 operating log ging ma chin ery as a means of com -
par ing dif fer ent log ging ma chin ery and com par ing 
such ma chin ery be tween op er at ing sites. The
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Felling rate in m3 per PMH = !102.663 + (0.199 × QUANT) ! (0.246 × Q2) ! (7.925 × VQ) ! (0.0549 ×
SLOPE2) ! (6.748 × AVAGE) + (0.483 × AV2) + (13.428 × FTYPE) + (2.559 × SDI) ! (14.082  ×
SDI2) + (4.839 × SUMWIN) + (2.529 × SOBUCK) ! (6.447 × STUCK) + (7.531 × STUMP)  [n = 26,
R2 = 0.88]

Skidding rate in m3 per PMH =  –13.243 + (0.151 × QUANT) ! (0.516 × SLOPE) + (6.749 × AVAGE) + (0.41 
× SDI) + (0.277 × AVCUT) – (0.33 × TOTB) – (15.842 × STUMP) ! (0.497 × AV2) ! (18.821 × VQ) +
(0.000154 × VOL UME)  [n = 20, R2 = 0.79]

Pro cessing rate in m3 per PMH = !156.05 + (0.173 × QUANT) + (0.527 × SLOPE) ! (4.732  × AVAGE) !
(2.027 × SORT) ! (0.05 × VOLHA) + (3.027 × SDI) ! (4.626 × SUMWIN) ! (12.105 × STUMP) + (0.365 ×
AV2) ! (0.0008 × SLOPE2) ! (7.837 × VQ) ! (0.0002 × Q2) + (0.261 × SB2) ! (0.017 × SDI2)   [n = 27, R2 =
0.82]

Num ber of PMHs per ha for road-build ing = !17 618.389 + (140.419 × SLOPE) ! (2 335.342 × FTYPE) +
(1.5 × HA) ! 1 455.4 × SORT) + (1 115.081 × SUMWIN) ! (0.205  × SLOPE2)  [n = 20, R2 = 0.69]

Fig ure 4. Sum mary of mod els pre dict ing log ging and road-build ing pro duc tiv ity. Vari ables are de fined
in Ta ble 12.
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Ta ble 12. Sum mary of in de pend ent vari ables found to be sig nif i cant in 
mod els that pre dict log ging and road-build ing pro duc tiv ity

Vari able
name 

Logging phase
Road-build ingFelling Skidding Processing

AVAGE T T T
AVCUT T
FTYPE T T
HA T
QUANT T T T
SDI T T T
SLOPE T T T
SORT T T
STUMP T T T
SUMWIN T T T
TOTB T
VOLHA T
VOL UME T
AV2a T T T
Q2 T T
SB2 T
SDI2 T T
SLOPE2 T T T
SOBUCK T
STUCK T
VQ T T T

a Vari ables in ital ics de note de rived vari ables.

Vari able def i ni tions: 
AVAGE = Av er age age in years of log ging ma chines
AVCUT = Av er age cutblock size in hect ares
FTYPE = For est type (soft wood or hard wood)
HA = To tal area har vested
QUANT = Quan ti ta tive tim ber size in dex
SDI = Spe cies di ver si fi ca tion in dex
SLOPE = Slope in dex
SORT = Sorting in dex
STUMP = Logging meth ods in dex
SUMWIN = Sea sonal in dex
TOTB = To tal num ber of cutblocks ac cessed dur ing the log ging sea son
VOLHA = Av er age vol ume in cu bic metres per hect are
VOL UME = To tal vol ume har vested in cu bic metres
AV2 = Av er age age in years of log ging ma chines squared
Q2 = Quan ti ta tive tim ber size in dex squared
SB2 = Square of sort ing in dex + buck ing in dex
SDI2 = Spe cies di ver si fi ca tion in dex squared
SLOPE2 = Slope in dex squared
SOBUCK = Sorting in dex + buck ing index
STUCK = Logging meth ods in dex + buck ing in dex
VQ = Quan ti ta tive tim ber size in dex di vided by av er age vol ume per hect are



 Forest En gi neering Re search In sti tute of Can ada
(Mellgren 1990), for ex am ple, as sumes that sal vage
value is 20% of the pur chase price of ma chin ery (an
as sump tion also used in this re port to cal cu late
min i mum re sid ual value of ma chin ery for per-
ma chine de ter mi na tions of in sur ance cost) and that 
in sur ance and li cens ing costs are 5% per year of the
pur chase price.

No model can pre dict log ging pro duc tiv ity
 exactly, be cause it is not pos si ble to ac count for all
sources of vari abil ity that in flu ence pro duc tiv ity.
The LCS was hin dered, in the num ber and level of
de tail of for est and site char ac ter is tics that could be
ex am ined and the num ber of firms that could be
 interviewed, by the lim i ta tions in re sources that the
CFS could de vote to the sur vey and, to some ex tent,
by the time and ef fort that log ging com pany own -
ers could rea son ably be ex pected to vol un teer, given
the de mands of run ning their busi nesses in a highly 
com pet i tive in dus try. For est and site char ac ter is tics 
that have been in cluded in tri als of log ging ma chin -
ery in Can ada that were not cov ered in the LCS
 include ground rough ness, the ra tio of unmerchant -
able to mer chant able stems, and the den sity of un der -
brush. In ad di tion, the for est and site char ac ter is tics 
used in the LCS are gen eral es ti mates or av er ages of
these quan ti ties, which in tro duces a de gree of im -
pre ci sion. The quan ti ta tive tim ber size in dex, for
ex am ple, was based on the av er age tree size of one

or two spe cies groups. A mea sure that re flects the
range of tree sizes, in  addition to the av er age, might
be a better fac tor for mod el ing pro duc tiv ity.

One of the most sig nif i cant fac tors in log ging
pro duc tiv ity is dif fi cult to quan tify or mea sure: the
skill and mo ti va tion of the equip ment op er a tors
and log ging crews. The im por tance of skilled op er -
a tors to the suc cess and prof it abil ity of a firm, par -
tic u larly in light of in creas ingly strin gent de mands
aris ing from en vi ron men tal con cerns and the adop -
tion of cut-to-length pro cess ing meth ods, was a
com mon theme voiced by many of the own ers in ter -
viewed. One study found that op er a tor ex pe ri ence
can ac count for a 35% dif fer ence in to tal cut-to-
length har vest ing costs (Favreau and Gingras 1998).
Logging com pany own ers of ten men tioned the in -
creas ing time and ef fort re quired for su per vi sion of
field op er a tions to en sure that they meet strin gent
de mands by for est prod ucts com pa nies or the pro -
vin cial gov ern ment to min i mize dam age to ad -
vanced re gen er a tion or to stand understories and
to re tain biodiversity. An other fac tor that could not
be as sessed in the LCS is the de gree to which ma -
chine pro duc tiv ity was af fected by or ga ni za tional
de lays. The ma chines in a log ging sys tem must be
cho sen to com ple ment one an other’s ca pac ity and
pro duc tiv ity, be cause over all pro duc tiv ity is usu -
ally de ter mined by the ca pac ity of one phase (Mac -
Don ald 1990).

CON CLU SION

The goal of the LCS was to de ter mine the range
and av er age costs of log ging in Al berta to serve as a
ref er ence against which log ging com pa nies can
gauge their com pet i tive ness within their in dus try
and, sec ond arily, to de velop mod els to pre dict log -
ging pro duc tiv ity ac cord ing to for est and site con -
di tions in Al berta. It is an tic i pated that these
mod els will pro vide valu able in for ma tion for in put 
into fi nan cial anal y ses of for est man age ment prac -
tices for even tual in te gra tion into broader stra te gic
land use-plan ning es sen tial to find ing the right bal -
ance be tween the eco nomic pros per ity as so ci ated

with the man u fac ture of for est prod ucts and the
 demand for nontimber ben e fits.

In spite of the LCS’s lim i ta tions, the gen eral
strength of the mod els, as re flected by the good ness-
of-fit mea sures, sug gests that they are rea son able
pre dic tors of av er age log ging pro duc tiv ity un der
for est and site con di tions in Al berta. Cost pre dic -
tions can be made by log gers, re search ers, and for -
est man ag ers alike, given the costs of op er at ing
log ging ma chin ery, and run ning a log ging busi ness 
in gen eral, that this sur vey has de ter mined.

AC KNOWL EDG MENTS

The au thors, on be half of the Ca na dian For est
Ser vice, ex press their most sin cere grat i tude and
ap pre ci a tion to the Al berta Logging As so ci a tion,
and par tic u larly to the par tic i pat ing mem ber and

non mem ber log ging com pa nies, for their co op er a -
tion and sup port in con duct ing this sur vey. Spe cial
men tion and thanks must be ex tended to Les Kerik
of Kerik Brothers En ter prises Ltd., who gen er ously
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con trib uted his time and ef fort to ward the de sign
and com ple tion of the sur vey form that was sub se -
quently used for all in ter views. The au thors also
 express their grat i tude to the re view ers of this
manu script: Earl Marsh, TREES Con sulting (for -

merly with an ALA log ging com pany); Bonnie
McFarlane (re view chair), Ca na dian For est Ser vice;
Derek Sidders, Ca na dian For est Ser vice; and Sen
Wang, Ca na dian For est Ser vice.
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APPENDIX 1
Survey form used in the Logging Cost Survey

Inf. Rep. NOR-X-375 27

1. Please define your past logging season (for example October 1996 to
April 1997).

___________________________________________

2. What was the total number of cutblocks you harvested per mill in the past
logging season?

___________ _________ _________ _________

3. How many general areas were the cutblocks you harvested in the past
logging season grouped into?

_________

4. What was the average distance to the mill for each of the above general areas of cutblocks you harvested over the past logging
season?

___________ km ___________ km __________ km _________ km

5. Please fill in the weight to volume conversion factor for coniferous and deciduous trees for each mill if measures of weight were
used at the scale.

Coniferous Deciduous

_____________________________________________________ ____________________________________________
_____________________________________________________ ____________________________________________

6. If logs were bucked, what were the ranges of lengths they were bucked into (for example, 15 - 40 ft. for pulpwood logs) ?

Pulpwood logs _______________ m (T ) ____ or ft. (T ) ___ Sawlogs ___________________ m (T ) ___ or ft. (T ) ___

7. What logging methods did your firm use in the past logging season? Please check (T )all that apply.

A. Falling with feller-buncher, skid to landing _______ or roadside ________ , delimb at landing
______ or roadside ________

B. Falling with feller-buncher, delimb at stump, skid to landing _______or roadside _____

C. Hand falling, skid to landing ______ or roadside ______ , delimb at landing _____or roadside
_________ by hand ______ or with a delimber _______

D. Hand falling, delimb by hand ______ or with a delimber _______ , skid to landing ______ or roadside _____

E. Falling, delimbing, and transport to landing _______ or roadside ______ with processor-forwarder

F.Other harvest equipment combination (please specify):__________________________________

____________________________________________________________________________________

8. What was the breakdown of the average slope of the cutblocks you harvested in the past logging season (for example, 10 of the
30 cutblocks I harvested in the past logging season were steeper than usual, the remaining 20 cutblocks were generally flat)?

Generally flat ___________ Moderately steep _______________ Steeper than usual _______________

Alberta Logging Association &
Canadian Forest Service

Logging Cost Survey

CON FI DEN TIAL
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9. What loading methods, if any, did your firm use in the past logging season? Please check (T ) all that apply.

A. Loading at landing with front-end loader _______________

B. Loading at roadside with boom-type loader _______________

C. Loading at roadside with self-loading or picker truck ______________

D. Other loading equipment combination - (please specify) __________________________________

_________________________________________________________________________________

10. What were the average timber sizes of the wood you harvested in the past logging season, and your subjective rating of these
timber sizes? For example, say your average tree size for one mill was 2.5 deciduous t rees per cubic metre that you considered
smaller than usual, and you harvested 3.0 coniferous trees per tonne for another mill that you considered about normal, the table
would be filled out like the following example.

Exam p le table

Timber size

Trees per tonne Trees per cubic metre Trees per ton

Coniferous Deciduous Coniferous Deciduous Coniferous Deciduous

Smaller than usual 2.5

About normal 3.0

Larger than usual

Timber size

Trees per tonne Trees per cubic metre Trees per ton

Coniferous Deciduous Coniferous Deciduous Coniferous Deciduous

Smaller than usual

About normal

Larger than usual

11. Please complete the following table on subcontractors you employed in the past logging season, including hauling
subcontractors. Use the reverse side of the page if more space is required.

Subcontractor List what the subcontractor did Subcontractor's total production
Total payment

made to
subcontractor ($)

# 1

# 2

# 3



12.  Please complete the following table for all of your logging and road-building equipment used over the past logging season. Use the reverse side of the page if more space is
required.

Type of machine (include
rented machines)

Purchase price
 ($)

Repairs &
alterations

($)

Insurance
($)

Loan or rental
payments
(include
interest)

($)

Estimated
total operator
wages (see

f irst
footnote)

($)

Estimated
fuel &  oil

($)

Product ive
machine 

hours

Down
time (see
second
footnot

e)
%

TOTALS 

Include Canada Pension Plan, Workmen’s Compensat ion, Unemployment Insurance, medical benefits and vacation pay.
Expressed as a ratio of Product ive Machine Hours divided by total operator hours.

TOTALS 

Inf. R
ep. N
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13. Please complete the following table on volume harvested and area harvested by species group in the past logging season  

Species group harvested Volume (or weight) harvested Area harvested (hectares)

Predominantly softwoods

Predominantly mixedwood
forests

Aspen harvested

Spruce harvested

Predominantly hardwoods

14. If you hauled logs to a mill(s) in the past logging season, what was the total cost of hauling the weight or volume you harvested (from 
Step 13)?

$ ______________________

15. If you ran a camp in the past logging season, what was the cost of running it, including wages? 

$ ______________________

16. Please estimate the yearly depreciation of your logging machines. (If you do not have a figure for depreciation, a rule of thumb across
the industry is logging machinery depreciates 20% per year of the original purchase price over a 4 year period). 

$ ______________________

17. What was your total overhead for the past logging season? Total overhead cost is your company’s total revenue minus:

a)  the sum of all TOTALS in Step 12 (repairs and alterations+ insurance+ loan or rental payments+ estimated total operator
wages+estimated fuel and oil)   $ __________________________

b) hauling costs (from Step 14);  $ __________________________

c) camp costs (from Step 15);      $ __________________________

d) total depreciation of logging machinery (from Step 16); 

$ __________________________

e) total payments to subcontractors (from Step 11).

$ __________________________

Total overhead  $  _____________________________
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Harvest volumes, conversion factors, and

 harvest weights by species group
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Firm 
  Har vest vol ume (m3)   Con ver sion fac tors (t/m3)   Har vest weight (t)    To tal har vest

Co nif er ous De cid u ous Co nif er ous De cid u ous Co nif er ous De cid u ous In m3 In t

 1   134 000        0 0.801 7 NA   107 428         0   134 000   107 428
 2 a  108 912a    62 475 0.817  1.066 5    88 980    66 630   171 387   155 610
 3 a   23 529a a   36 496a 0.85   0.959     20 000    35 000    60 025    55 000
 4    80 000   228 000 0.906 4 1.011     72 512   230 508   308 000   303 020
 5 a   86 717a  a  94 346a 0.878  0.95      76 138    89 629   181 063   165 767
 6 a  174 375a  a   7 273a 0.8    1.1      139 500     8 000   181 648   147 500
 7 a   18 072a  a 178 976a 0.83   0.949 8    15 000   170 000   197 048   185 000
 8       400    71 600 0.83   1.1      b    332b    78 760    72 000    79 092
 9    72 000     8 000 0.85   0.97      61 200 c    7 760c    80 000    68 880

10 a  170 625a a    9 474a 0.8    0.95     136 500     9 000   180 099   145 500
11   100 000         0 0.812 5 NA    81 250 NA   100 000    81 250
12   260 000         0 0.795  NA   206 700         0   260 000   206 700
13   275 000         0 0.86   NA   236 500         0   275 000   236 500
14 a   52 087a a   35 943a 0.819 7 0.900 9    42 694    32 381    88 030    75 075
15   165 000         0 0.803  NA   132 495         0   165 000   132 495
16    69 849   400 407 0.879 5 1.0       61 432   400 407   470 256   461 839
17         0 d   90 722d NA 0.97           0    88 000    90 722    88 000
18    55 000    10 000 0.713 5 0.888     39 243     8 880    65 000    48 123
19    80 000   220 000 0.85   0.9       68 000   198 000   300 000   266 000

20   226 000    14 000 0.81   1.0      183 060    14 000   240 000   197 060
21    80 000   130 000 0.867 0.97      69 360   126 100   210 000   195 460
22   200 000    60 000 0.825 1.0      165 000    60 000   260 000   225 000
23   190 000    30 000 0.8    1.0      152 000    30 000   220 000   182 000
24    30 000   130 000 0.85   0.925     25 500   120 250   160 000   145 750
25    61 958   157 635 0.83   0.925     51 425   145 812   219 593   197 237
26         0   170 000 NA 0.86           0   146 200   170 000   146 200
27   262 000     6 000 0.782 5 1.0      205 015     6 000   268 000   211 015
28    18 000         0 0.83   NA    14 940         0    18 000    14 940
29    80 000     2 000 0.848  0.98      67 840     1 960    82 000    69 800

To tal 3 073 524 2 153 347 NA NA 2 520 045 2 073 277 5 226 871 4 593 242

a Vol ume de ter mined by con ver sion from weight (in tonnes) us ing con trac tor-sup plied con ver sion fac tors.

b Vol ume converted to weight us ing the sur vey av er age  for co nif er ous tim ber of 0.83 t/m3, be cause con trac tor was un able to sup ply a
con ver sion fac tor.

c Vol ume con verted to weight us ing the sur vey av er age for de cid u ous tim ber of 0.97 t/m3, be cause con trac tor was un able to sup ply a
con ver sion fac tor.

d Vol ume de ter mined by con ver sion us ing the sur vey av er age  for de cid u ous tim ber of 0.97  t/m3, be cause con trac tor was un able to
 supply a con ver sion fac tor (all tim ber from pri vate land).

Note: NA = not ap pli ca ble.
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AP PEN DIX 3
Bucking by log type and spe cies group

Firm     
Pulp wood logs     Saw logs

(co nif er ous tim ber)Co nif er ous tim ber De cid u ous tim ber

 1    NA NA Tree length
 2    15–40 ft. 15–40 ft. NA
 3    NA 101 in.a Tree length
 4    Tree length Tree length NA
 5    NA Tree length 5 lengths, all <27 ft.
 6    20–40 ft. 20–40 ft. 12 ft. to tree length
 7    NA 102 in.a Tree length
 8    NA 8–30 ft. (90% at 30 ft.)a Tree length
 9    NA Tree length Tree length

10    15–25 ft. 15–25 ft.a Tree length
11     8–24 ft. NA 16–24 ft.
12    NA NA Tree length
13    NA NA Tree length
14    <20–40 ft. 8 ft. to tree length 20 ft. to tree length
15    40 ft. NA Tree length
16    NA 8 ft. Cut to length
17    NA 100 in. NA
18    12–16 ft. 12–16 ft. 12, 14, 16 ft.
19    30 ft. 30 ft. 34 ft.

20    10–16 ft. 10–16 ft. 10–16 ft. and tree length
21    NA 30 ft. Tree length
22    NA Tree length Tree length
23    NA Tree length Tree length
24    30 ft. NA Tree length
25    NA 30 ft. Tree length
26    NA 30 ft. NA
27    12–40 ft. Tree length 12 ft. to tree length
28    10, 12, 14, 16 ft. NA 10, 12, 14, 16 ft.
29    Tree length Tree length Tree length

a Logs were slashed.

Note: NA = not ap pli ca ble, 1 in. = 2.54 cm, 1 ft. = 30.48 cm.
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Slope con di tions un der which the 29 firms 

con ducted log ging op er a tions
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Firm
No. of

cutblocks
% of cutblocks con sid ered

gen er ally flat
% of cutblocks considered

mod er ately steep
% of cutblocks con sid ered

steeper than usual

 1   75  45.33   0.00 54.67
 2   39  89.74   0.00 10.26
 3   21  61.90  38.10  0.00
 4   60  75.00  25.00  0.00
 5   44   9.09  68.18 22.73
 6   43  34.88  32.56 32.56
 7   64  45.31  45.31  9.38
 8   15  86.67  13.33  0.00
 9   10  80.00  20.00  0.00

10   40   0.00  75.00 25.00
11   12  83.33   0.00 16.67
12   40  70.00   0.00 30.00
13   41  51.22  48.78  0.00
14   23 100.00   0.00  0.00
15   21   0.00 100.00  0.00
16  171  29.82  53.22 16.96
17   16 100.00   0.00  0.00
18   13 100.00   0.00  0.00
19   55 100.00   0.00  0.00

20  125  88.00  12.00  0.00
21   48  81.25  14.58  4.17
22   34  76.47  11.76 11.77
23   25  92.00   4.00  4.00
24   33  93.94   6.06  0.00
25   34  70.59   5.88 23.53
26   39 100.00   0.00  0.00
27   42  14.29  47.61 38.10
28   10 100.00   0.00  0.00
29   13  90.00  10.00  0.00

To tal or
averagea

1206  60.78  26.04 13.18

a Av er age cutblock val ues for each slope class (in per cent) were cal cu lated as the to tal num ber of cutblocks in each slope class rel a tive to
the to tal num ber of cutblocks re ported by the 29 firms. The num ber of cutblocks in each slope class had to be de ter mined by cal cu la tion
(rounded to the near est whole num ber) be cause most firms gave break downs of their cutblocks into each slope class as per cent ages
rather than as num bers of cutblocks.
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Av er age tim ber sizes by tim ber size rating
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Firm 

Tim ber size (trees/m3)
  Tim ber smaller than nor mal    Tim ber about nor mal in size    Tim ber larger than nor mal

Co nif er ous De cid u ous Co nif er ous De cid u ous Co nif er ous De cid u ous

 1 a–a – 3.50 – 2.50 –
 2 – 2.71 2.70 – – –
 3 – – 2.50 2.00 – –
 4 – – 2.38 1.96 – –
 5 – – 2.81 3.30 – –
 6 – – 3.24 1.90 – –
 7 – – – – 2.20 2.50
 8 – 5.46 – – – –
 9 – – 6.00 3.50 – –

10 – – 2.00 2.37 – –
11 – – 6.50 – – –
12 7.50 – 5.50 – 2.50 –
13 – – 2.60 – – –
14 – – 2.23 – – 1.89
15 – – 3.50 – – –
16 4.50 – – 2.75 – –
17 – – – 2.18 – –
18 – – – – 2.50 2.00
19 – – 3.50 3.50 – –

20 – – 3.75 1.80 – –
21 – – 2.50 4.00 – –
22 – – 2.50 1.70 – –
23 – – 3.00 2.00 – –
24 – 6.0 4.00 – – –
25 – – 2.91 3.24 – –
26 – – – – – 2.80
27 4.02 – – 2.50 – –
28 – – 6.00 – – –
29 4.30 – – 2.00 – –

Av er age 5.08 4.72 3.51 2.54 2.42 2.30

a Dashes in di cate that the firm did not har vest tim ber of that spe cies group and tim ber size rat ing.
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Tim ber sizes classified by tim ber size rating
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Firm 

Tim ber size (m3/tree)
  Tim ber smaller than nor mal    Tim ber about nor mal in size    Tim ber larger than nor mal

Co nif er ous De cid u ous Co nif er ous De cid u ous Co nif er ous De cid u ous

 1 a–a – 0.29 – 0.40 –
 2 – 0.37 0.37 – – –
 3 – – 0.40 0.50 – –
 4 – – 0.42 0.51 – –
 5 – – 0.36 0.30 – –
 6 – – 0.31 0.53 – –
 7 – – – – 0.45 0.40
 8 – 0.18 – – – –
 9 – – 0.17 0.29 – –

10 – – 0.50 0.42 – –
11 – – 0.15 – – –
12 0.13 – 0.18 – 0.40 –
13 – – 0.38 – – –
14 – – 0.45 – – 0.53
15 – – 0.29 – – –
16 0.22 – – 0.36 – –
17 – – – 0.46 – –
18 – – – – 0.40 0.50
19 – – 0.29 0.29 – –

20 – – 0.27 0.56 – –
21 – – 0.40 0.25 – –
22 – – 0.40 0.59 – –
23 – – 0.33 0.50 – –
24 – 0.17 0.25 – – –
25 – – 0.34 0.31 – –
26 – – – – – 0.36
27 0.25 – – 0.40 – –
28 – – 0.17 – – –
29 0.23 – – 0.50 – –

Av er age 0.21 0.24 0.32 0.42 0.41 0.45

a Dashes in di cate that the firm did not har vest tim ber of that spe cies group and tim ber size rat ing.
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AP PEN DIX 9
All logging and road-building

 machinery used by the 29 firms
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Feller–bunchers

Vin tage Man u fac turer and model                           
 
1986 693D (man u fac turer not avail able)
1989 Koehring (model not avail able)
1990 Cat er pil lar 227
1991 Koehring 600
1991 Timbco T435
1992 Cat er pil lar FB300
1992 Timberjack 618
1993 Cat er pil lar 325
1993 Timberjack 618 (n = 2)
1994a Koehring 628 (n = 2)
1994a Koehring (model not avail able)
1994 Komatsu car rier with Denarco 3000 head
1994 Timbco (model not avail able)
1994 Timberjack 608
1994 Timberjack 618 (n = 4)

Vin tage Man u fac turer and model                           
                              
1994 Timberjack 628 (n = 2)
1994 Morbark Wol ver ine
1995 Timbco T445 (n = 2)
1995 Timberjack 618 (n = 8)
1996 Koehring 618 (n = 2)
1996 Prentice 630A (n = 2)
1996 Tigercat 845
1996 Timbco T455
1996 Timberjack 628
1996 Timberjack 923
1997 Koehring 618
1997 Tigercat 853
1997 Timbco T435C
1997 Timberjack 618
1997 Timberjack 850

Skidders

Vin tage Man u fac turer and model                           

1985 Cat er pil lar 528
1987 Cat er pil lar 518
1989 Cat er pil lar 528
1990 John Deere 648D
1991 John Deere 648E
1991 John Deere 748E
1991 Timberjack 450
1992 John Deere 648E
1992 Timberjack 480B
1993 John Deere 648E
1993 John Deere 748E (n = 2)
1993 Timberjack 450C
1994 John Deere 548E
1994 John Deere 648E (n = 3)
1994 John Deere 748 (n = 4)
1994 John Deere 748E
1994a Timberjack (model not avail able)
1994a Timberjack SK206
1994 Timberjack 450
1994 Timberjack 450C
Vin tage Man u fac turer and model                           

1994a Timberjack 480C (n = 2)
1995 Cat er pil lar 525 (n = 2)
1995 John Deere 648E
1995 John Deere 648G (n = 2)
1995 John Deere 748
1995 John Deere 7486A
1995 John Deere 748E
1995 Timberjack 450
1995 Timberjack 450C
1996 Cat er pil lar D5H TSK
1996 John Deere 648
1996 John Deere 648E
1996 John Deere 748 (n = 2)
1996 Timberjack 460
1996 Timberjack 560
1996 Timberjack 660
1997 John Deere 648G
1997 John Deere 748 (n = 4)
1997 Timberjack 560 (n = 5)

a Ma chine vin tage not avail able. Vin tage es ti mated based on av er age age of log ging ma chines in the Logging Cost Sur vey.
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Har vesters and pro ces sors

Vin tage Man u fac turer, model, and ma chine type

1987 Rottne 860 2-grip pro ces sor
1988 Rottne 860 2-grip pro ces sor
1988 Rottne har vester–pro ces sor
1989 Linkbelt CS2800 with Lako 60 pro ces sor
1993 Hyundai 200 with Ul ti mate pro ces sor
1995 Cat er pil lar-Denarco 550 sin gle-grip

 har vester

Vin tage Man u fac turer, model, and ma chine type

1995 Timberjack 1270 har vester–pro ces sor
1996 Cat er pil lar-Koehring 762 sin gle-grip 

 har vester
1996 Timberjack 608 with Keto har vester–

 pro ces sor
1996 Valmet 500T har vester
1997 Kochum 8535 sin gle-grip har vester

For warders

Vin tage Man u fac turer and model                           

1985 Kochum 8535
1986 Kochum 8535
1993 Trans-Gesco TG80

Vin tage Man u fac turer and model                           

1995 Timberjack 1010
1996 Valmet 543F

Delimbers

Vin tage Man u fac turer, model, and ma chine type

1986 Hitachi UH83 car rier with Denis
 delimber

1988 John Deere 790D car rier with Limmit
 2200 delimber

1989 Komatsu-Denis delimber (model not
 avail able) (n = 2)

1989 Komatsu PC200 car rier with 1989 Denis
 delimber

1990 Cat er pil lar EL200 delimber
1990 John Deere 790 delimbera

1990 John Deere 790D car rier with Hurricana
 delimber

1991 Cat er pil lar 225 car rier with Limmit 2200
1991 Komatsu 200 car rier with Limmit

 delimber
1991 Cat er pil lar DL200B with Limmit

 delimber
1992 Cat er pil lar EL200 delimber
1992 Cat er pil lar EL300/7200 delimber
1992 John Deere 790D delimber
1992 Komatsu 220 delimber car rier with

 Denarco head
1992 Komatsu car rier with Limmit 2000

 delimber
1993 Hyundai 200 car rier with Limmit 2100

 delimber

Vin tage Man u fac turer, model, and ma chine type

1993 John Deere 892D car rier with Tar get
 pro cess ing head

1993 Komatsu 200 delimber
1993 Komatsu 200 car rier with Limmit

 delimber
1993 Komatsu DC200-5 delimber
1994 Cat er pil lar 320 delimber
1994 Cat er pil lar B30/2300 delimber
1994 Hyundai 200 car rier with Limmit

 delimber
1994 John Deere 690E car rier with Limmit

 2100 delimber
1994 John Deere 892 delimber
1994 John Deere 892E car rier with Limmit

 2200 delimber
1994 Komatsu 200 car rier with Limmit

 delimber
1994 Komatsu 220 delimber
1994 Komatsu PC200 car rier with Limmit

 delimber
1994 Komatsu PC220 car rier with Limmit

 2100 delimber
1994b Komatsu delimber (model not avail able)

 (n = 2)
1995 Cat er pil lar 320 delimber
1995 Cat er pil lar 320 car rier with Limmit 2000

a Ma chine was idle for log ging sea son and there fore was not in cluded in any anal y ses.
b Vintage not avail able. Vin tage es ti mated based on av er age age of log ging ma chines in the Logging Cost Sur vey.
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Delimbers continued

Vin tage Man u fac turer, model, and ma chine type

1995 Cat er pil lar 392 car rier with Limmit 2000
1995 Hitache car rier with Limmit delimber
  (model not avail able)
1995 Hyundai 200 car rier with Limmit 2000

 delimber
1995 John Deere 792A delimber
1995 John Deere 892 delimber
1995 Komatsu 200 delimber
1995 Komatsu 220 car rier with Tar get 

 pro cess ing head
1995 Komatsu car rier with Denarco 3500

 delimber
1995 Komatsu PC200 car rier with Denarco

 2000 delimber
1995 Komatsu PC200 car rier with Limmit

 delimber
1995 Komatsu PC220 car rier with Limmit

 2100 delimber (n = 2)
1995 Timberjack 618 car rier with Limmit 2100

 delimber

Vin tage Man u fac turer, model, and ma chine type

1996 Cat er pil lar 322 car rier with Limmit
 delimber

1996 Hyundai 290 car rier with Limmit 2300
 delimber

1996 Komatsu 220 delimber
1996 Komatsu PC200 car rier with Denarco

 2000 delimber
1996 Komatsu PC200 car rier with Limmit

 delimber
1996 Komatsu PC220 car rier with Limmit

 2100 delimber
1997 John Deere delimber (model not avail able)
1997 Komatsu 200 delimber
1997 Komatsu 220 car rier with Limmit 2200

 delimber
1997 Komatsu car rier with Limmit 2000

 delimber

Loaders

Vin tage Man u fac turer and mode                            

1986 Cat er pil lar 235B log loader
1991 Cat er pil lar 300 log loader
1993 Cat er pil lar 325 loader
1993 John Deere 892D loader

Vin tage Man u fac turer and mode                            

1993 Komatsu loader (model not avail able)
1994 Komatsu PC300HD But ton Top
1995 Cat er pil lar 330 log loader
1996 Cat er pil lar 330 log loader

Road-build ing ma chin ery

Vin tage Man u fac turer, model, and ma chine type

1965 Cat er pil lar D7E bull dozer
1972 Cat er pil lar D8H bull dozer
1975 Cat er pil lar D8K crawler
1978 Cat er pil lar 976 crawler
1978 Cat er pil lar D8K bull dozer
1978 Cat er pil lar 140 grader
1979 Cat er pil lar D6D bull dozer
1979 Cat er pil lar D8K bull dozer
1979 Cat er pil lar 140 grader
1979 Komatsu D85E-18 crawler–bull dozer
1980 Cat er pil lar D7G crawler
1980 Cat er pil lar D8K bull dozer (n = 2)
1980 Cat er pil lar D8K crawler–bull dozer
1980 Komatsu D85E-18 crawler–bull dozer

Vin tage Man u fac turer, model, and ma chine type

1981 Cat er pil lar D7G bull dozer (n = 2)
1981 Cat er pil lar D8K bull dozer (n = 2)
1981 Cham pion 740 grader
1982 Cat er pil lar D7G crawler
1984 Komatsu D85E crawler–bull dozer
1985 Cat er pil lar D7G crawler
1985a Cat er pil lar D7E bull dozer
1985 Cham pion 740 grader
1985a Gilbert trac tor 5220-1031
1985 John Deere 850 bull dozer
1985a Komatsu D65E-18 bull dozer
1985a Komatsu D65P-6 bull dozer
1985a Komatsu 585E TRAK 35365
1986 Cat er pil lar D65E bull dozer

a Vin tage not avail able. Vin tage es ti mated based on av er age age of road-build ing ma chines in the Logging Cost Sur vey.
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Road-build ing ma chin ery continued

Vin tage Man u fac turer, model, and ma chine type

1986 John Deere 850 crawler
1986 Komatsu D65E-8 crawler–bull dozer
1987 Cat er pil lar D4 bull dozer
1987 Cat er pil lar D7H bull dozer
1989 Cat er pil lar EL200 back hoe
1989 John Deere 790 ex ca va tor
1989 John Deere 790D back hoe
1989 John Deere 850B crawler
1989 John Deere 850D bull dozer
1989 Komatsu D83-1 crawler–bull dozer
1990 Cat er pil lar D65 crawler
1990 Cham pion grader 20749
1990 Komatsu D65 bull dozer

Vin tage Man u fac turer, model, and ma chine type

1991 Hyundai 280 ex ca va tor
1994 Cat er pil lar EL322 back hoe
1994 Komatsu D85 bull dozer
1994 Ex ca va tor (man u fac turer and model not

 avail able)
1995 Cham pion grader
1995 Komatsu D85 bull dozer
1996 Cat er pil lar 322L ex ca va tor
1996 Cham pion 780 grader
1996 Ex ca va tor (man u fac turer and model not

 avail able)
1996 John Deere 690E ex ca va tor
1997 Komatsu crawler (model not avail able)



AP PEN DIX 10
Paired-difference tests be tween ac tual

and es ti mated loan pay ments
 0.05 level of sig nif i cance, univariate pro ce dure
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Mo ments

n 138 Sum weights 138
Mean 479.242 7 Sum 66 135.49
SD 33 038.94 Vari ance 1.091 6E9
Skew ness –0.846 8 Kurtosis 3.782 117
USS 1.496 E11 CSS 1.495 E11
CV 6 893.989 Std mean 2 812.461
T:mean = 0 0.170 4 Pr > |T| 0.864 9
Num ^ = 0 96 Num > 0 55
M (sign) 7 Pr ≥ |M| 0.184 3
Sgn rank 275 Pr ≥ |S| 0.317 5

Quantiles (DF = 5)

100% (max i mum) 105 000   99% 80 468.8 
 75% (Q3) 10 573.4 95% 54 600   
 50% (me dium) 0   90% 36 837.47
 25% (Q1) –3 916.97 10% –35 169.9 
  0% (min i mum) –

134 009   
 5% –80 468.8 

 1% –103 805   
Range 239 008.7 
Q3–Q1 14 490.37
Mode 0   

Ex tre mes

Low est (no. of ob ser va tions) High est (no. of ob ser va tions)
–134 009   (1)   63 679   (50) 
–103 805   (5)   66 000   (137)
 –96 177.8 (134)  73 673.1 (120)
 –94 626.7 (90)  80 468.8 (103)
 –87 503.4 (110) 105 000   (56) 

Note: SD = stan dard de vi a tion, USS = un cor rected sum of squares, CSS = cor rected sum of
squares, CV = co ef fi cient of vari a tion, Std mean = stan dard er ror of the mean, T:mean =
the Stu dent’s t value for test ing the hy poth e sis that the pop u la tion mean is zero, Pr >
|T| = the prob a bil ity of a greater ab so lute value for this t-value, Num ̂  = the num ber of 
non zero ob ser va tions, Num = the num ber of pos i tive ob ser va tions, M (sign) = the sign
sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥  |M|= the prob -
a bil ity of a greater ab so lute value for the mean un der the hy poth e sis that the pop u la tion 
mean is zero, Sgn rank = the cen tered (the ex pected value is sub tracted) Wilcoxon
signed rank sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥ |S| 
= the prob a bil ity of a greater ab so lute value for this sta tis tic un der the hy poth e sis that
the pop u la tion mean is zero, DF = de grees of free dom, Q3 = quantile 3, Q1 = quantile 1.



AP PEN DIX 11
Paired-dif fer ence tests be tween ac tual

and es ti mated insurance pay ments
 0.05 level of sig nif i cance, univariate pro ce dure
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Mo ments

n 104 Sum weights 104
Mean 0 Sum 0
SD 1 490.857 Vari ance 2 222 654
Skew ness 0.263 146 Kurtosis 2.987 841
USS 2.289 3E8 CSS 2.289 3E8
CV . Std mean 146.190 6
T:mean = 0 0 Pr > |T| 1.000 0
Num ^ = 0 102 Num > 0 52
M (sign) 1 Pr ≥ |M| 0.921 2
Sgn rank 91 Pr ≥ |S| 0.763 0

Quantiles (DF = 5)

100% (max i mum)   5 396.55
 

99% 4 780.66

 75% (Q3)    503.63 95%  2 073.8 
 50% (me dium) 1.9  90%  1 408.1 
 25% (Q1) –385.565 10% –1 585.45
  0% (min i mum) –4 062.13  5% –2 806.32

 1% –3 827.81
Range 9 458.68 
Q3–Q1    889.195
Mode –379.23 

Ex tre mes

Low est (no. of ob ser va tions) High est (no. of ob ser va tions)
–4 062.13 (30)     2 839.08 (35) 
–3 827.81 (5)      3 571.63 (98) 
–3 676.93 (31)     3 571.63 (99) 
–3 263.74 (92)     4 780.66 (89) 
–2 826.72 (101)    5 396.55 (100)

Note: SD = stan dard de vi a tion, USS = un cor rected sum of squares, CSS = cor rected sum of
squares, CV = co ef fi cient of vari a tion, Std mean = stan dard er ror of the mean, T:mean =
the Stu dent’s t value for test ing the hy poth e sis that the pop u la tion mean is zero, Pr >
|T| = the prob a bil ity of a greater ab so lute value for this t-value, Num ̂  = the num ber of 
non zero ob ser va tions, Num = the num ber of pos i tive ob ser va tions, M (sign) = the sign
sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥  |M|= the prob -
a bil ity of a greater ab so lute value for the mean un der the hy poth e sis that the pop u la tion 
mean is zero, Sgn rank = the cen tered (the ex pected value is sub tracted) Wilcoxon
signed rank sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥ |S| 
= the prob a bil ity of a greater ab so lute value for this sta tis tic un der the hy poth e sis that
the pop u la tion mean is zero, DF = de grees of free dom, Q3 = quantile 3, Q1 = quantile 1.



AP PEN DIX 12
Paired-dif fer ence tests be tween ac tual

and es ti mated operator wages and benefits
 0.05 level of sig nif i cance, univariate pro ce dure
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Mo ments

n 113 Sum weights 113
Mean –0.004 07 Sum –0.46
SD 10 255.57 Vari ance 1.051 8E8
Skew ness 0.372 922 Kurtosis 4.496 942
USS 1.178 E10 CSS 1.178 E10
CV –2.519 E8 Std mean 964.762 4
T:mean = 0 –4.22E-6 Pr > |T| 1.000 0
Num ^ = 0 111 Num > 0 53
M (sign) –2.5 Pr ≥ |M| 0.704 4
Sgn rank –41.5 Pr ≥ |S| 0.903 5

Quantiles (DF = 5)

100% (max i mum)  35 848.38 99% 33 136.71
 75% (Q3)  2 905.83 95% 12 168.75
 50% (me dium) –116.67 90%  7 797.83
 25% (Q1) –3 387.5 10% –8 997.29
  0% (min i mum) –33 446.6  5% –19 151.6 

 1% –33 404.3 
Range 69 295   
Q3–Q1   6 293.33
Mode –19 151.6 

Ex tre mes

Low est (no. of ob ser va tions) High est (no. of ob ser va tions)
–33 446.6 (105)    16 884.62 (10) 
–33 404.3 (104)    33 135.71 (107)
–21 423.3 (110)    33 135.71 (108)
–19 736.3 (56)     33 136.71 (109)
–19 151.6 (97)     35 848.38 (101)

Note: SD = stan dard de vi a tion, USS = un cor rected sum of squares, CSS = cor rected sum of
squares, CV = co ef fi cient of vari a tion, Std mean = stan dard er ror of the mean, T:mean =
the Stu dent’s t value for test ing the hy poth e sis that the pop u la tion mean is zero, Pr >
|T| = the prob a bil ity of a greater ab so lute value for this t-value, Num ̂  = the num ber of 
non zero ob ser va tions, Num = the num ber of pos i tive ob ser va tions, M (sign) = the sign
sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥  |M|= the prob -
a bil ity of a greater ab so lute value for the mean un der the hy poth e sis that the pop u la tion 
mean is zero, Sgn rank = the cen tered (the ex pected value is sub tracted) Wilcoxon
signed rank sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥ |S| 
= the prob a bil ity of a greater ab so lute value for this sta tis tic un der the hy poth e sis that
the pop u la tion mean is zero, DF = de grees of free dom, Q3 = quantile 3, Q1 = quantile 1.



AP PEN DIX 13
Paired-dif fer ence tests be tween ac tual

and es ti mated fuel and oil expenditures
 0.05 level of sig nif i cance, univariate pro ce dure
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Mo ments

n 86 Sum weights 86
Mean –0.001 86 Sum –0.16
SD 4 048.567 Vari ance 16 390 897
Skew ness –0.207 7 Kurtosis 3.535 129
USS 1.393 2E9 CSS 1.393 2E9
CV –2.176 E8 Std mean 436.568 2
T:mean = 0 –4.26E-6 Pr > |T| 1.000 0
Num ^ = 0 84 Num > 0 33
M (sign) –9 Pr ≥ |M| 0.063 0
Sgn rank –83.5 Pr ≥ |S| 0.712 0

Quantiles (DF = 5)

100% (max i mum)  12 363.87 99% 12 363.87
 75% (Q3)  836.11 95% 8 499.82
 50% (me dium) –4.75 90%  4 891.89
 25% (Q1) –1 195.81 10% –3 386.11
  0% (min i mum) –13 460    5% –7 009.57

 1% –13 460   
Range 25 823.88
Q3–Q1   2 031.92
Mode –2 557.04

Ex tre mes

Low est (no. of ob ser va tions) High est (no. of ob ser va tions)
–13 460    (79)      8 499.82 (44)
–13 448.2  (78)      9 684.69 (81)

–9 783.78 (33)     9 684.69 (82)
–7 636.13 (37)     9 685.69 (83)
–7 009.57 (6)      12 363.87 (34) 

Note: SD = stan dard de vi a tion, USS = un cor rected sum of squares, CSS = cor rected sum of
squares, CV = co ef fi cient of vari a tion, Std mean = stan dard er ror of the mean, T:mean =
the Stu dent’s t value for test ing the hy poth e sis that the pop u la tion mean is zero, Pr >
|T| = the prob a bil ity of a greater ab so lute value for this t-value, Num ̂  = the num ber of 
non zero ob ser va tions, Num = the num ber of pos i tive ob ser va tions, M (sign) = the sign
sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥  |M|= the prob -
a bil ity of a greater ab so lute value for the mean un der the hy poth e sis that the pop u la tion 
mean is zero, Sgn rank = the cen tered (the ex pected value is sub tracted) Wilcoxon
signed rank sta tis tic for test ing the hy poth e sis that the pop u la tion mean is zero, Pr ≥ |S| 
= the prob a bil ity of a greater ab so lute value for this sta tis tic un der the hy poth e sis that
the pop u la tion mean is zero, DF = de grees of free dom, Q3 = quantile 3, Q1 = quantile 1.



AP PEN DIX 14
Regression analysis of felling

 productivity in relation to forest,
 logging, and machine characteristics

(forward selection procedure for dependent variable FRATE)

48 Inf. Rep. NOR-X-375

 DF Sum of squares  Mean square F p > F

Re gres sion  1   614.356 62   614.356 62  6.20 0.020 1
Er ror 24 2 379.979 89    99.165 83
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP 23.170 91     5.954 77 1 501.474 91 15.14 0.000 7
FTYPE  9.839 09     3.952 99   614.356 62  6.20 0.020 1

Bounds on con di tion num ber: 1, 1.

Step 1   Vari able FTYPE en tered, R2 = 0.20, C(p) = 30.077

 DF Sum of squares  Mean square F p > F

Re gres sion  2   958.711 24   479.355 62  5.42 0.011 8
Er ror 23 2 035.625 28    88.505 45
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP 29.384 18     6.447 44 1 838.324 08 20.77 0.000 1
FTYPE  8.805 79     3.771 04   482.597 37  5.45 0.028 6
Q2 –0.033 24     0.016 85   344.354 61  3.89 0.060 7

Bounds on con di tion num ber: 1.019 7, 4.078 7.

Step 2   Vari able Q2 en tered, R2 = 0.32, C(p) = 31.385



Inf. Rep. NOR-X-375 49

 DF Sum of squares  Mean square F p > F

Re gres sion  3 1 549.344 26  516.448 09 7.86 0.001 0
Er ror 22 1 444.992 25   65.681 47
To tal 25 2 994.336 51

Vari able  
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –3.415 76    12.267 33    5.092 08  0.08 0.783 3
FTYPE 11.970 78     3.415 76  806.701 62 12.28 0.002 0
SDI  0.358 34     0.119 50  590.633 03  8.99 0.006 6
Q2 –0.051 43     0.015 73  701.746 52 10.68 0.003 5

Bounds on con di tion num ber: 1.324, 10.947.

Step 3   Vari able SDI en tered, R2 = 0.52, C(p) = 18.476

 DF Sum of squares  Mean square F p > F

Re gres sion  4 1 707.642 20  426.910 55  6.97 0.001 0
Er ror 21 1 286.694 31   61.271 16
To tal 25 2 994.336 51

Vari able  
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –86.596 27    53.089 27  163.020 00  2.66 0.117 8
FTYPE 11.453 34     3.314 76  731.503 69 11.94 0.002 4
SDI  2.540 91     1.362 77  213.006 12  3.48 0.076 3
Q2 –0.046 45     0.015 51  549.735 22  8.97 0.006 9
SDI2 –13.690 06     8.517 18  158.297 93  2.58 0.122 9

Bounds on con di tion num ber: 187.72, 1 498.8.

Step 4   Vari able SDI2 en tered, R2 = 0.57, C(p) = 16.500



50 Inf. Rep. NOR-X-375

 DF Sum of squares  Mean square F p > F

Re gres sion  6 2 021.720 05  336.953 34  6.58 0.000 7
Er ror 19   972.616 46   51.190 34
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP  –62.919 61    49.646 16   82.222 14  1.61 0.220 3
AVAGE   –6.026 65     2.507 10  295.798 61  5.78 0.026 6
FTYPE   11.607 97     3.102 35  716.671 13 14.00 0.001 4
SDI    2.227 53     1.265 48  158.606 12  3.10 0.094 5
AV2    0.458 89     0.213 39  236.743 19  4.62 0.044 6
Q2   –0.052 50     0.014 48  672.664 40 13.14 0.001 8
SDI2  –11.514 37     7.953 99  107.279 94  2.10 0.164 0

Bounds on con di tion num ber: 195.96, 2 524.

Step 6   Vari able AV2 en tered, R2 = 0.67, C(p) = 12.551

 DF Sum of squares  Mean square F p > F

Re gres sion  5 1 784.976 86  356.995 37  5.90 0.001 7
Er ror 20 1 209.359 65   60.467 98
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP  –76.060 49    53.541 18  122.355 26  2.02 0.170 3
AVAGE   –0.838 50     0.741 45   77.334 66  1.38 0.271 5
FTYPE   12.199 91     3.358 48  797.908 27 13.20 0.001 7
SDI    2.267 39     1.375 24  164.369 34  2.72 0.114 8
Q2   –0.049 76     0.015 68  608.851 75 10.07 0.004 8
SDI2  –11.688 33     8.644 33  108.552 26  1.83 0.191 4

Bounds on con di tion num ber: 195.94, 1 950.3.

Step 5   Vari able AVAGE en tered, R2 = 0.60, C(p) = 16.527
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 DF Sum of squares  Mean square F p > F

Re gres sion  7 2 148.075 19  306.867 88  6.53 0.000 6
Er ror 18   846.261 32   47.014 52
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –70.697 26    47.814 11  102.783 87  2.19 0.156 5
AVAGE  –6.888 65     2.447 22  361.788 82  7.70 0.012 5
FTYPE  12.504 73     3.023 02  804.448 24 17.11 0.000 6
SDI   2.427 11     1.218 87  186.422 45  3.97 0.061 8
STUMP   1.135 64     0.692 72  126.355 14  2.69 0.118 5
AV2   0.530 06     0.209 05  302.242 62  6.43 0.020 7
Q2  –0.052 69     0.013 92  602.883 43 13.25 0.001 9
SDI2 –13.031 88     7.678 67  125.417 40  2.88 0.106 9

Bounds on con di tion num ber: 198.85, 2 996.4.

Step 7   Vari able STUMP en tered, R2 = 0.72, C(p) = 11.362

 DF Sum of squares  Mean square F p > F

Re gres sion  8 2 211.031 27  276.378 90  6.00 0.001 0
Er ror 17   783.305 34   46.076 78
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP  –90.893 50    50.389 67  149.921 82  3.25 0.089 0
QUANT    0.101 71     0.087 02   62.955 98  1.37 0.258 6
AVAGE   –7.302 41     2.462 23  405.280 96  8.80 0.008 7
FTYPE   11.449 95     3.125 80  618.252 76 13.42 0.001 9
SDI    2.551 83     1.211 36  204.475 28  4.44 0.050 3
STUMP    0.923 58     0.709 37   78.105 97  1.70 0.210 3
AV2    0.594 65     0.214 21  355.078 81  7.71 0.012 9
Q2   –0.170 84     0.103 71  125.023 36  2.71 0.117 9
SDI2  –13.923 44     7.639 87  153.039 23  3.32 0.086 0

Bounds on con di tion num ber: 200.85, 4 650.1.

Step 8   Vari able QUANT en tered, R2 = 0.74, C(p) = 11.773



52 Inf. Rep. NOR-X-375

 DF Sum of squares  Mean square F p > F

Re gres sion  9 2 302.565 64  255.840 63  5.92 0.001 1
Er ror 16   691.770 88   43.253 68
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –123.365 93    53.671 43  228.426 47  5.28 0.035 3
QUANT   0.138 50     0.088 00  107.089 75  2.48 0.135 1
AVAGE  –7.472 94     2.387 99  423.408 92  9.79 0.006 5
FTYPE  14.292 31     3.603 37  680.190 27 15.73 0.001 1
SDI   3.229 70     1.262 52  282.937 78  6.54 0.021 1
STUMP   0.601 56     0.721 91   30.021 17  0.69 0.417 0
AV2   0.586 94     0.207 57  345.705 65  8.00 0.012 1
VQ  –5.131 47     3.526 72   91.534 47  2.12 0.165 0
Q2  –0.174 25     0.100 49  129.988 26  3.01 0.102 2
SDI2 –18.107 33     7.939 59  224.882 25  5.20 0.036 6

Bounds on con di tion num ber: 231.17, 5 911.

Step 9   Vari able VQ en tered, R2 = 0.77, C(p) = 11.462

 DF Sum of squares  Mean square F p > F

Re gres sion 10 2 436.367 04  243.634 70  6.55 0.000 7
Er ror 15   557.989 47   37.199 30
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –141.863 78    50.730 52  290.896 91  7.82 0.013 6
QUANT    0.188 48     0.085 78  179.608 06  4.83 0.044 1
AVAGE   –7.806 45     2.222 00  459.150 90 12.34 0.003 1
FTYPE   14.630 75     3.347 13  710.758 89 19.11 0.000 5
SDI    3.655 49     1.192 40  349.606 61  9.40 0.007 8
STUMP    3.023 17     1.441 87  163.533 05  4.40 0.053 4
AV2    0.606 49     0.192 81  368.064 12  9.89 0.006 7
VQ   –7.850 29     3.571 65  179.708 90  4.83 0.044 1
Q2   –0.215 04     0.095 66  187.959 69  5.05 0.040 1
SDI2  –20.952 21     7.515 75  289.101 10  7.77 0.013 8
STUCK   –2.423 71     1.278 06  133.781 40  3.60 0.077 3

Bounds on con di tion num ber: 240.76, 7 013.7.

Step 10   Vari able STUCK en tered, R2 = 0.81, C(p) = 10.085
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 DF Sum of squares  Mean square F  p > F

Re gres sion 11 2 500.386 45  227.307 86  6.44  0.000 9
Er ror 14   493.950 06   35.282 05
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

Type II
sum of squares F  p > F

INTERCEP –119.482 77    52.124 12   185.390 78  5.25  0.037 9
QUANT   0.198 93     0.083 90   198.371 86  5.62  0.032 6
AVAGE  –7.985 06     2.168 04   478.605 08 13.57  0.002 5
FTYPE  14.215 21     3.274 30   665.004 98 18.85  0.000 7
SDI   3.120 69     1.227 24   228.136 52  6.47  0.023 4
STUMP   3.376 68     1.428 53   197.131 24  5.59  0.033 1
AV2   0.595 09     0.187 97   353.639 98 10.02  0.006 9
SLOPE2  –0.035 95     0.026 68    64.039 41  1.82  0.199 3
VQ  –7.540 69     3.485 97   165.092 91  4.68  0.048 3
Q2  –0.237 76     0.094 68   222.490 59  6.31  0.024 9
SDI2 –17.386 67     7.783 29   176.060 32  4.99  0.042 3
STUCK  –2.630 85     1.254 15   155.255 88  4.40  0.054 6

Bounds on con di tion num ber: 272.34, 8 420.1.

Step 11   Vari able SLOPE2 en tered, R2 = 0.83, C(p) = 10.469

 DF Sum of squares  Mean square F p > F

Re gres sion 12 2 586.562 53    205.546 88  6.87 0.000 8
Er ror 13   407.773 98     31.367 23
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –122.372 99    49.178 18    194.223 75  6.19 0.027 2
QUANT   0.206 07     0.079 22    212.238 08  6.77 0.022 0
AVAGE  –7.139 61     2.106 90    360.195 30 11.48 0.004 8
FTYPE  12.939 10     3.181 85    518.711 11 16.54 0.001 3
SDI   3.146 05     1.157 25    231.819 66  7.39 0.017 6
SUMWIN   4.137 12     2.495 99     86.176 09  2.75 0.121 3
STUMP   4.105 64     1.416 93    263.356 04  8.40 0.012 5
AV2   0.516 77     0.183 42    248.983 03  7.94 0.014 5
SLOPE2  –0.050 94     0.026 73    113.876 13  3.63 0.079 1
VQ  –8.656 99     3.355 18    208.823 58  6.66 0.022 8
Q2  –0.243 89     0.089 35    233.705 24  7.45 0.017 2
SDI2  –17.787 59     7.342 26    184.073 51  5.87 0.030 8
STUCK  –3.159 47     1.224 78    208.733 16  6.65 0.022 9

Bounds on con di tion num ber: 272.54, 9 266.5.

Step 12   Vari able SUMWIN en tered, R2 = 0.86, C(p) = 10.293



54 Inf. Rep. NOR-X-375

 DF Sum of squares  Mean square F  p > F

Re gres sion 13 2 622.290 13  201.704 63  6.51  0.001 3
Er ror 12   372.046 38   31.003 87
To tal 25 2 994.336 51

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

Type II
sum of squares F  p > F

INTERCEP –102.663 09    52.226 38   119.802 16  3.86  0.072 9
QUANT   0.199 19     0.079 02   197.002 94  6.35  0.026 9
AVAGE  –6.748 37     2.126 13   312.344 63 10.07  0.008 0
FTYPE  13.427 76     3.195 95   547.297 21 17.65  0.001 2
SDI   2.558 95     1.273 91   125.102 65  4.04  0.067 6
SUMWIN   4.839 46     2.566 29   110.254 60  3.56  0.083 8
STUMP   7.531 30     3.488 26   144.523 11  4.66  0.051 8
AV2   0.483 37     0.184 99   211.673 05  6.83  0.022 7
SLOPE2  –0.054 88     0.026 83   129.707 87  4.18  0.063 4
VQ  –7.924 84     3.404 70   167.972 81  5.42  0.038 2
Q2  –0.246 20     0.088 86   238.019 03  7.68  0.016 9
SOBUCK   2.529 03     2.355 91    35.727 59  1.15  0.304 2
SDI2 –14.082 00     8.075 11    94.286 11  3.04  0.106 7
STUCK  –6.447 08     3.295 77   118.639 61  3.83  0.074 1

Bounds on con di tion num ber: 333.48, 1 295 5.

Step 13   Vari able SOBUCK en tered, R2 = 0.88, C(p) = 11.391
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Step   Vari able en tered Num ber in Par tial R2 Model R2 C(p) F p > F

 1     FTYPE  1 0.2052 0.2052 38.0771 6.20 0.0201
 2     Q2  2 0.1150 0.3202 31.3847 3.89 0.0607
 3     SDI  3 0.1973 0.5174 18.4755 8.99 0.0066
 4     SDI2  4 0.0529 0.5703 16.4797 2.58 0.1229
 5     AVAGE  5 0.0258 0.5961 16.5275 1.28 0.2715
 6     AV2  6 0.0791 0.6752 12.5515 4.62 0.0446
 7     STUMP  7 0.0422 0.7174 11.3619 2.69 0.1185
 8     QUANT  8 0.0210 0.7384 11.7728 1.37 0.2586
 9     VQ  9 0.0306 0.7690 11.4622 2.12 0.1650
10     STUCK 10 0.0447 0.8137 10.0852 3.60 0.0773
11     SLOPE2 11 0.0214 0.8350 10.4686 1.82 0.1993
12     SUMWIN 12 0.0288 0.8638 10.2933 2.75 0.1213
13     SOBUCK 13 0.0119 0.8757 11.3915 1.15 0.3042

Sum mary of for ward-se lec tion pro ce dure for de pend ent vari able FRATE

Obs
Dep var
FRATE

Pre dict
value

SE
pre dict

Lower
95%

mean

Up per
95%

mean

Lower
95%

pre dict

Up per
 95%

pre dict
 

Re sid ual
SE

re sid ual
Stu dent
re sid ual

 

 –2–1–0  1  2 Cook’s D

 1 26.0500 31.9736 3.6837 23.9475 39.9996 17.4271 46.5200 –5.9236 4.175 –1.419   |****|****| 0.112
 2 32.2900 26.9850 3.1756 20.0661 33.9040 13.0188 40.9512  5.3050 4.574  1.160   |****|****| 0.046
 3 41.3500 39.6292 3.3399 32.3521 46.9063 25.4822 53.7762  1.7208 4.455  0.386   |****|****| 0.000
 4 22.5400 22.5848 4.8805 11.9510 33.2185  6.4522 38.7173 –0.0448 2.680  –0.0167   |****| * **| 0.112
 5 39.6400 31.9348 3.2871 24.7729 39.0967 17.8466 46.0229  7.7052 4.494  1.714   |****|****| 0.015
 6 49.2600 51.7031 3.4945 44.0892 59.3171 37.3799 66.0264 –2.4431 4.335 –0.560   |****|****| 0.042
 7 30.0000 33.3967 3.7838 25.1525 41.6409 18.7287 48.0647 –3.3967 4.085 –0.832   |****|****| 0.049
 8 42.9000 38.3729 3.4767 30.7978 45.9480 24.0703 52.6755  4.5271 4.349  1.041   |****|****| 0.105
 9 40.0200 37.8199 4.7325 27.5087 48.1311 21.8981 53.7417  2.2001 2.934  0.750   |****|****| 0.008

10 18.5000 19.0874 4.7513  8.7353 29.4395  3.1391 35.0357 –0.5874 2.903 –0.202   |****|****| 0.000
11 29.9800 30.3984 3.2361 23.3475 37.4492 16.3664 44.4303 –0.4184 4.531  –0.0923   |****|****| 0.000
12 24.2500 26.4660 4.1000 17.5329 35.3991 11.4000 41.5319 –2.2160 3.767 –0.588   |****|****| 0.029
13 44.0000 44.1689 5.5328 32.1140 56.2239 27.0662 61.2717 –0.1689 0.626 –0.270   |****|****| 0.406
14 44.4800 48.6806 3.5004 41.0539 56.3074 34.3506 63.0106 –4.2006 4.330 –0.970   |****|****| 0.044
15 53.9200 52.5844 5.2902 41.0580 64.1107 35.8500 69.3187  1.3356 1.737  0.769   |****|****| 0.382
16 21.9200 25.0971 4.2136 15.9165 34.2777  9.8831 40.3111 –3.1771 3.640 –0.873   |****|****| 0.073
17 53.8400 57.4140 4.1700 48.3284 66.4996 42.2572 72.5709 –3.5740 3.690 –0.969   |****|****| 0.086
18 32.1000 33.7531 3.8035 25.4660 42.0403 19.0610 48.4453 –1.6531 4.067 –0.407   |****|****| 0.010
19 35.0000 39.2613 3.5711 31.4806 47.0420 24.8487 53.6738 –4.2613 4.272 –0.997   |****|****| 0.050

20 37.1400 42.4378 3.2737 35.3050 49.5706 28.3645 56.5111 –5.2978 4.504 –1.176   |****|****| 0.052
21 44.0000 41.3624 3.9450 32.7669 49.9578 26.4902 56.2306  2.6376 3.929  0.671   |****|****| 0.032
22 32.0000 29.9071 4.8490 19.3421 40.4722 13.8198 45.9945  2.0929 2.737  0.765   |****|****| 0.131
23 52.2800 43.6926 3.6525 35.7344 51.6507 29.1834 58.2017  8.5874 4.203  2.043   |****|****| 0.225
24 56.6700 52.4863 4.1355 43.4757 61.4968 37.3743 67.5983  4.1837 3.728  1.122   |****|****| 1.111
25 39.1900 40.5141 4.1405 31.4927 49.5355 25.3956 55.6325 –1.3241 3.723 –0.356   |****|****| 0.011
26 23.1700 24.7787 4.8122 14.2938 35.2637  8.7439 40.8136 –1.6087 2.801 –0.574   |****|****| 0.070

Sum of re sid u als = 0.
Sum of squared re sid u als = 372.046 38.
Sum of squares of pre dicted re sid ual er rors (press) = 1 653.139 07.

Note: FRATE = fell ing rate, C (p) = to tal squared er ror, DF = de grees of free dom, FTYPE = for est type, Q2 = square of quan ti ta tive tim ber
size in dex di vided by 1000,  SDI = spe cies di ver si fi ca tion in dex,  SDI2 = square of spe cies di ver si fi ca tion in dex di vided by 1000,
AVAGE = av er age age of all fell ing ma chines owned by the firm, AV2 = square of av er age age of fell ing ma chines owned by the
firm, AV2 =square of av er age age of fell ing ma chines owned by the firm, STUMP = log ging meth ods in dex, QUANT = quan ti ta -
tive tim ber size in dex, VQ = quan ti ta tive tim ber size in dex di vided by av er age vol ume (in cu bic metres per hect are), STUCK =
log ging meth ods in dex + buck ing in dex, SLOPE2 = square of slope in dex divded by 1000, SUMWIN = sea sonal in dex, SOBUCK =
sort ing in dex + buck ing in dex, SE = stan dard er ror, Cook’s D = Cook’s D in flu ence sta tis tic.



AP PEN DIX 15
Regression analysis of skidding

 productivity in relation to forest,
 logging, and machine characteristics

(forward selection procedure for dependent variable FRATE)

56 Inf. Rep. NOR-X-375

 DF Sum of squares  Mean square F p > F

Re gres sion  1   499.560 84   499.560 84  3.21 0.089 9
Er ror 18 2 799.286 33   155.515 91
To tal 19 3 298.847 17

Vari able    
Pa ram e ter
es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP 22.756 38     6.894 51 1 694.238 50 10.89 0.004 0
TOTGEN  0.495 89     0.276 68   499.560 84  3.21 0.089 9

Bounds on con di tion num ber: 1, 1.

Step 1   Vari able AVCUT en tered, R2 = 0.15, C(p) = 9.365

 DF Sum of squares   Mean square F p > F

Re gres sion  2 1 097.099 15    548.549 58   4.24 0.032 2
Er ror 17 2 201.748 02    129.514 59
To tal 19 3 298.847 17

Vari able    
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP 25.511 19     6.42119  2 044.319 76 15.78 0.001 0
AVCUT  0.866 70     0.30587  1 039.883 39  8.03 0.011 5
VQ –7.463 58     3.47475    597.538 31  4.61 0.046 4

Bounds on con di tion num ber: 1.467 5, 5.869 8.

Step 2   Vari able VQ en tered, R2 = 0.33, C(p) = 5.951
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 DF Sum of squares  Mean square F p > F

Re gres sion  3 1 362.078 72   454.026 24  3.75 0.032 5
Er ror 16 1 936.768 45   121.048 03
To tal 19 3 298.847 17

Vari able    
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP  29.369 43     6.733 24 2 303.032 91 19.03 0.000 5
AVCUT   0.801 24     0.298 99   869.272 29  7.18 0.016 4
AV2  –0.105 51     0.071 31   264.979 57  2.19 0.158 4
VQ  –7.596 07     3.360 45   618.500 70  5.11 0.038 1

Bounds on con di tion num ber: 1.500 3, 12.028.

Step 3   Vari able AV2 en tered, R2 = 0.41, C(p) = 5.550

 DF Sum of squares  Mean square F p > F

Re gres sion  4 1 698.434 88   424.608 72  3.98 0.0214
Er ror 15 1 600.412 29   106.694 15
To tal 19 3 298.847 17

Vari able    
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP  15.312 29    10.131 21   243.723 68  2.28 0.151 5
AVAGE   5.971 83     3.363 39   336.356 16  3.15 0.096 1
AVCUT   0.983 40     0.298 87 1 155.156 83 10.83 0.005 0
AV2  –0.547 67     0.257 87   481.254 52  4.51 0.050 7
VQ  –9.331 44     3.302 85   851.647 37  7.98 0.012 8

Bounds on con di tion num ber: 15.834, 138.32.

Step 4   Vari able AVAGE en tered, R2 = 0.52, C(p) = 4.502
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 DF Sum of squares   Mean square F p > F

Re gres sion  5 1 920.021 23    384.004 25  3.90 0.020 1
Er ror 14 1 378.825 94     98.487 57
To tal 19 3 298.847 17

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP  –2.429 99    15.318 60      2.478 30  0.03 0.876 2
AVAGE   5.927 48     3.231 59    331.350 91  3.36 0.088 0
SDI   0.220 78     0.147 19    221.586 35  2.25 0.155 8
AVCUT   0.987 49     0.287 16  1 164.681 35 11.83 0.004 0
AV2  –0.555 70     0.247 81    495.232 00  5.03 0.041 6
VQ  –9.436 74     3.174 06    870.551 95  8.84 0.010 1

Bounds on con di tion num ber: 15.836, 178.02.

Step 5   Vari able SDI en tered, R2 = 0.58, C(p) = 4.494

 DF Sum of squares   Mean square F p > F

Re gres sion  6 2 060.925 28    343.487 55  3.61 0.024 9
Er ror 13 1 237.921 89     95.224 76
To tal 19 3 298.847 17

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP   4.702 47    16.163 70      8.059 71  0.08 0.775 7
SLOPE  –0.031 28     0.025 71    140.904 05  1.48 0.245 4
AVAGE   6.299 42     3.192 29    370.805 79  3.89 0.070 1
SDI   0.252 88     0.147 12    281.354 54  2.95 0.109 3
AVCUT   0.942 83     0.284 74  1 044.067 40 10.96 0.005 6
AV2  –0.599 62     0.246 33    564.232 60  5.93 0.030 1
VQ  –9.423 53     3.121 06     868.105 09  9.12 0.009 9

Bounds on con di tion num ber: 15.982, 223.54.

Step 6   Vari able SLOPE en tered, R2 = 0.63, C(p) = 5.217
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 DF Sum of squares  Mean square F p > F

Re gres sion  7 2 142.384 21  306.054 89  3.18 0.038 1
Er ror 12 1 156.462 97   96.371 91
To tal 19 3 298.847 17

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP  –7.491 69    20.984 11    12.283 70  0.13 0.727 3
QUANT   0.061 44     0.066 83    81.458 92  0.85 0.376 0
SLOPE  –0.033 83     0.026 02   162.952 79  1.69 0.217 9
AVAGE   7.890 31     3.647 98   450.851 78  4.68 0.051 4
SDI   0.217 44     0.152 94   194.787 69  2.02 0.180 6
AVCUT   1.0869 8     0.326 55 1 067.817 55 11.08 0.006 0
AV2  –0.702 44     0.271 88   643.307 06  6.68 0.023 9
VQ –15.370 83     7.190 56   440.371 90  4.57 0.053 8

Bounds on con di tion num ber: 20.623, 411.9.

Step 7   Vari able QUANT en tered, R2 = 0.65, C(p) = 6.479

 DF Sum of squares  Mean square F p > F

Re gres sion  8 2 290.419 70   286.302 46  3.12 0.041 9
Er ror 11 1 008.427 47    91.675 22
To tal 19 3 298.847 17

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP  –11.061 26    20.658 26    26.282 92  0.29 0.603 0
QUANT    0.138 95     0.089 27   222.112 00  2.42 0.147 9
SLOPE   –0.029 92     0.025 56   125.649 50  1.37 0.266 4
AVAGE    6.043 77     3.843 27   226.707 10  2.47 0.144 1
SDI    0.300 81     0.162 96   312.371 61  3.41 0.092 0
AVCUT    1.139 32     0.321 14 1 153.833 60 12.59 0.004 6
STUMP  –11.230 87     8.838 05   148.035 50  1.61 0.230 0
AV2   –0.524 51     0.299 87   280.465 11  3.06 0.108 1
VQ  –22.384 54     8.924 57   576.731 32  6.29 0.029 1

Bounds on con di tion num ber: 24.292, 657.39.

Step 8   Vari able STUMP en tered, R2 = 0.69, C(p) = 7.138
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 DF Sum of squares  Mean square F p > F

Re gres sion  9 2 424.104 54   269.344 95  3.08 0.047 2
Er ror 10   874.742 64    87.474 26
To tal 19 3 298.847 17

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –18.137 66    20.975 55    65.405 77  0.75 0.407 5
QUANT   0.177 40     0.092 58   321.196 17  3.67 0.084 3
SLOPE  –0.038 68     0.025 95   194.280 17  2.22 0.167 0
AVAGE   6.349 56     3.762 32   249.146 51  2.85 0.122 4
SDI   0.317 34     0.159 74   345.212 80  3.95 0.075 0
AVCUT   1.169 60     0.314 65 1 208.608 70 13.82 0.004 0
STUMP –17.474 85    10.002 12   267.007 43  3.05 0.111 2
AV2  –0.476 43     0.295 49   227.397 66  2.60 0.138 0
VQ –26.086 94     9.217 79   700.605 01  8.01 0.017 8
VOLUME 0.000 041 70  0.000 033 73   133.684 84  1.53 0.244 6

Bounds on con di tion num ber: 24.72, 804.11

Step 9   Vari able VOLUME en tered, R2 = 0.73, C(p) = 7.926

 DF Sum of squares  Mean square F p > F

Re gres sion 10 2 618.049 50  261.804 95 3.46 0.037 7
Er ror  9   680.797 68   75.644 19
To tal 19 3 298.847 17

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –13.243 40    19.743 70    34.034 32 0.45 0.519 2
QUANT   0.150 48     0.087 72   222.617 90 2.94 0.120 4
SLOPE  –0.051 58     0.025 44   310.894 08 4.11 0.073 3
AVAGE   6.748 88     3.507 55   280.046 46 3.70 0.086 5
SDI   0.409 70     0.159 35   500.005 93 6.61 0.030 1
AVCUT   0.276 86     0.629 65    14.624 56 0.19 0.670 5
TOTB  –0.330 22     0.206 23   193.944 96 2.56 0.143 8
STUMP –15.841 55     9.356 98   216.820 28 2.87 0.124 7
AV2  –0.497 04     0.275 09   246.955 18 3.26 0.104 3
VQ –18.820 87     9.698 89   284.846 57 3.77 0.084 2
VOL UME 0.000 154 01  0.000 076 83   303.923 43 4.02 0.076 0

Bounds on con di tion num ber: 24.774, 1 291.5.
Note: No other vari able met the 0.5 sig nif i cance level for en try into the model.

Step 10   Vari able TOTB en tered, R2 = 0.79, C(p) = 8.170
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Step   Vari able en tered Num ber in Par tial R2 Model R2 C(p) F p > F

 1     AVCUT  1 0.1514 0.1514 9.3652 3.21 0.0899
 2     VQ  2 0.1811 0.3326 5.9507 4.61 0.0464
 3     AV2  3 0.0803 0.4129 5.5496 2.19 0.1584
 4     AVAGE  4 0.1020 0.5149 4.5018 3.15 0.0961
 5     SDI  5 0.0672 0.5820 4.4940 2.25 0.1558
 6     SLOPE  6 0.0427 0.6247 5.2172 1.48 0.2454
 7     QUANT  7 0.0247 0.6494 6.4791 0.85 0.3760
 8     STUMP  8 0.0449 0.6943 7.1377 1.61 0.2300
 9     VOLUME  9 0.0405 0.7348 7.9263 1.53 0.2446
10     TOTB 10 0.0588 0.7936 8.1689 2.56 0.1438

Sum mary of for ward-se lec tion pro ce dure for de pend ent vari able FRATE

Obs
Dep var
FRATE

Pre dict
value

SE
pre dict

Lower
95%

mean

Up per
95%

mean

 Lower
 95%

 pre dict

Up per
 95%

pre dict
 

Re sid ual
SE

re sid ual
Stu dent
re sid ual

 

 –2–1–0  1  2 Cook’s D

 1 21.8000 24.4161 6.4611  9.8001 39.0322  –0.0936 48.9259 –2.6161 5.822 –0.449   |****|****|  0.023
 2 27.8100 25.2219 3.9624 16.2584 34.1855   3.6015 46.8424  2.5881 7.742  0.334   |****|****|  0.003
 3 18.2500 23.3204 6.0167  9.7097 36.9311  –0.6034 47.2442 –5.0704 6.280 –0.807   |****|****|  0.054
 4 44.8300 51.1178 6.2393 37.0035 65.2321  26.9040 75.3317 –6.2878 6.059 –1.038   |****|****|  0.104
 5 15.0400 22.2762 6.4119  7.7716 36.7809  –2.1672 46.7197 –7.2362 5.876 –1.231   |****|****|  0.164
 6 38.5300 39.9718 7.2777 23.5085 56.4350  14.3176 65.6259 –1.4418 4.762 –0.303   |****|****|  0.019
 7 32.8400 27.4843 5.7340 14.5131 40.4555   3.9184 51.0501  5.3557 6.540  0.819   |****|****|  0.047
 8 32.1600 33.8062 5.8079 20.6678 46.9445  10.1479 57.4644 –1.6462 6.474 –0.254   |****|****|  0.005
 9 33.6000 28.9774 6.6265 13.9873 43.9674   4.2428 53.7120  4.6226 5.633  0.821   |****|****|  0.085

10 25.5100 23.0170 7.6364  5.7422 40.2917  –3.1654 49.1993  2.4930 4.163  0.599   |****|****|  0.110
11 65.4800 55.1546 6.2376 41.0443 69.2650  30.9431 79.3662 10.3254 6.061  1.704   |****|****|  0.279
12 16.2500 15.6002 8.4948 –3.6163 34.8167 –11.9020 43.1024  0.6498 1.866  0.348   |****|****|  0.228
13 24.0000 25.8871 7.5290  8.8553 42.9190  –0.1356 51.9099 –1.8871 4.354 –0.433   |****|****|  0.051
14 42.0000 29.7168 4.0337 20.5921 38.8416   8.0291 51.4046 12.2832 7.705  1.594   |****|****|  0.063
15 52.0000 52.6873 5.1084 41.1312 64.2433  29.8697 75.5048 –0.6873 7.039 –0.098   |****|****|  0.000
16 32.3500 40.4464 7.1173 24.3461 56.5468  15.0236 65.8692 –8.0964 4.999 –1.620   |****|****|  0.483
17 25.0000 28.8747 8.0070 10.7615 46.9879   2.1317 55.6177 –3.8747 3.396 –1.141   |****|****|  0.658
18 49.9100 48.9199 6.0831 35.1590 62.6808  24.9103 72.9295  0.9901 6.216  0.159   |****|****|  0.002
19 37.7800 46.5264 5.5951 33.8693 59.1835  23.1320 69.9208 –8.7464 6.659 –1.314   |****|****|  0.111
20 46.0100 37.7275 6.5879 22.8246 52.6304  13.0456 62.4093  8.2825 5.678  1.459   |****|****|  0.260

Sum of re sid u als = 0.
Sum of squared re sid u als = 680.797 68.
Sum of squares of pre dicted re sid ual errors (press) = 3 724.482 08.

Note: FRATE = fell ing rate, C (p) = to tal squared er ror, DF = de grees of free dom, AVCUT = av er age cutblock size in hect ares, VQ = quan -
ti ta tive tim ber size in dex di vided by av er age vol ume per  hectare, AV2 = square of av er age age of log ging ma chines, AVAGE =
 average age of all log ging ma chines, SDI = spe cies di ver si fi ca tion in dex, SLOPE = slope in dex, QUANT = quan ti ta tive tim ber size
in dex, STUMP = log ging meth ods in dex, VOL UME = to tal vol ume har vested in cu bic metres, TOTB = to tal num ber of cutblocks
ac cessed dur ing the log ging sea son, SE = stan dard er ror, Cook’s D = Cook’s D in flu ence sta tis tic.

  



AP PEN DIX 16
Regression analysis of processing
 productivity in relation to forest,

 logging, and machine characteristics
(forward selection procedure for dependent variable FRATE)

62 Inf. Rep. NOR-X-375

 DF Sum of squares  Mean square F p > F

Re gres sion  1   278.108 58   278.108 58  3.92 0.058 9
Er ror 25 1 774.551 54    70.982 06
To tal 26 2 052.660 12

Vari able    
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP  34.496 53     3.857 89 5 675.435 83 79.96 0.000 1
STUMP  –5.502 54     2.779 91   278.108 58  3.92 0.058 9

Bounds on con di tion num ber: 1, 1.

Step 1   Vari able STUMP en tered, R2 = 0.13, C(p) = 26.441

 DF Sum of squares   Mean square F p > F

Re gres sion  2   397.335 20   198.667 60  2.88 0.075 6
Er ror 24 1 655.324 91    68.971 87
To tal 26 2 052.660 12

Vari able    
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP  37.085 70     4.282 52 5 172.337 73 74.99 0.000 1
AVAGE  –1.207 84     0.918 67   119.226 63  1.73 0.201 0
STUMP  –3.958 20     2.981 40   121.570 73  1.76 0.196 8

Bounds on con di tion num ber: 1.183 738, 4.734 95.

Step 2   Vari able AVAGE en tered, R2 = 0.19, C(p) = 25.119
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 DF Sum of squares  Mean square F p > F

Re gres sion  3   531.499 76   177.166 59  2.68  0.070 8
Er ror 23 1 521.160 36    66.137 41
To tal 26 2 052.660 12

Vari able    
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP  38.466 71     4.304 23 5 282.334 80 79.87 0.000 1
AVAGE  –1.330 05     0.903 68   143.270 55  2.17 0.154 6
STUMP  –2.147 68     3.184 23    30.086 92  0.45 0.506 7
Q2  –0.000 02     0.000 01   134.164 55  2.03 0.167 8

Bounds on con di tion num ber: 1.408 155, 11.397 34.

Step 3   Vari able Q2 en tered, R2 = 0.26, C(p) = 23.381

 DF Sum of squares  Mean square F p > F

Re gres sion  4   654.022 09  163.505 52 2.57 0.066 2
Er ror 22 1 398.638 03   63.574 45
To tal 26 2 052.660 12

Vari able    
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

Type II
sum of squares F p > F

INTERCEP  26.519 54     9.584 92  486.673 01 7.66 0.011 3
AVAGE  –1.167 32     0.893 72  108.457 41 1.71 0.205 0
SDI   0.162 80     0.117 27  122.522 33 1.93 0.179 0
STUMP  –3.720 53     3.321 15   79.783 82 1.25 0.274 7
Q2  –0.000 03     0.000 02  191.092 67 3.01 0.097 0

Bounds on con di tion num ber: 1.593 614, 21.519 65.

Step 4   Vari able SDI en tered, R2 = 0.32, C(p) = 21.967
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 DF Sum of squares  Mean square F p > F

Re gres sion  5   911.560 06  182.312 01 3.36 0.022 1
Er ror 21 1 141.100 05    54.338 10
To tal 26 2 052.660 12

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP  –81.098 89    50.221 10   141.697 36 2.61 0.121 3
AVAGE   –0.882 32     0.836 56    60.445 75 1.11 0.303 5
SDI    2.942 20     1.281 28   286.525 38 5.27 0.032 0
STUMP   –4.836 74     3.112 95   131.179 44 2.41 0.135 2
Q2   –0.000 02     0.000 01   134.943 94 2.48 0.130 0
SDI2   –0.017 27     0.007 93   257.537 98 4.74 0.041 0

Bounds on con di tion num ber: 182.569 2, 1 841.614.

Step 5   Vari able SDI2 en tered, R2 = 0.44, C(p) = 16.792

 DF Sum of squares  Mean square F p > F

Re gres sion  6   974.775 35  162.462 56 3.01 0.028 9
Er ror 20 1 077.884 77   53.894 24
To tal 26 2 052.660 12

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –110.080 91    56.724 45  202.967 14 3.77 0.066 5
QUANT    0.102 20     0.094 36   63.215 28 1.17 0.291 7
AVAGE   –0.473 26     0.914 75   14.425 61 0.27 0.610 6
SDI    3.199 35     1.297 93  327.460 50 6.08 0.022 9
STUMP   –6.858 10     3.618 66  193.576 83 3.59 0.072 6
Q2   –0.000 14     0.000 11   88.756 76 1.65 0.214 1
SDI2   –0.018 77     0.008 02  295.021 24 5.47 0.029 8

Bounds on con di tion num ber: 188.89, 3 179.039.

Step 6   Vari able QUANT en tered, R2 = 0.48, C(p) = 17.031
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 DF Sum of squares  Mean square F p > F

Re gres sion  7 1 059.603 88  151.371 98 2.90 0.030 8
Er ror 12   993.056 24   52.266 12
To tal 19 2 052.660 12

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –146.736 33    62.835 62  285.025 52 5.45 0.030 7
QUANT    0.153 45     0.101 26  120.020 84 2.30 0.146 1
AVAGE   –0.313 36     0.909 53    6.203 94 0.12 0.734 2
SDI    4.037 16     1.437 44  412.281 08 7.89 0.011 2
STUMP   –8.663 56     3.835 04  266.730 40 5.10 0.035 8
VQ   –4.018 43     3.154 25   84.828 53 1.62 0.218 0
Q2   –0.000 17     0.000 11  119.544 07 2.29 0.146 9
SDI2   –0.024 18     0.008 97  379.849 44 7.27 0.014 3

Bounds on con di tion num ber: 241.162 9, 4 592.732.

Step 7   Vari able VQ en tered, R2 = 0.52, C(p) = 16.667

 DF Sum of squares  Mean square F p > F

Re gres sion  8 1 210.185 56  151.273 19 3.23 0.018 
4

Er ror 18   842.474 56   46.804 14
To tal 26 2 052.660 12

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –124.007 04    60.797 04  194.720 64 4.16 0.056 
3

QUANT    0.171 20     0.096 33  147.824 06 3.16 0.092 
4

AVAGE   –0.519 95     0.868 37   16.780 59 0.36 0.556 
8

VOLHA   –0.039 81     0.022 19  150.581 68 3.22 0.089 
7

SDI    3.813 81     1.365 94  364.867 80 7.80 0.012 
0

Step 8   Vari able VOLHA en tered, R2 = 0.59, C(p) = 14.472
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 DF Sum of squares  Mean square F p > F

Re gres sion  9 1 300.030 27  144.447 81  3.26 0.017 2
Er ror 17   752.629 84   44.272 34
To tal 26 2 052.660 12

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –128.088 63    59.199 20  207.263 11  4.68 0.045 0
QUANT    0.185 27     0.094 21  171.209 10  3.87 0.065 8
AVAGE   –0.869 49     0.879 47   43.272 70  0.98 0.336 7
VOLHA   –0.045 72     0.021 98  191.578 26  4.33 0.052 9
SDI    4.075 52     1.341 13  408.844 02  9.23 0.007 4
SUMWIN   –4.432 87     3.111 75   89.844 71  2.03 0.172 4
STUMP  –11.318 75     3.709 01  412.300 02  9.31 0.007 2
VQ   –9.267 20     3.998 68  237.791 27  5.37 0.033 2
Q2   –0.000 17     0.000 10  119.950 71  2.71 0.118 1
SDI2   –0.024 29     0.008 34  375.805 05  8.49 0.009 7

Bounds on con di tion num ber: 245.997 7, 6 114.541.

Step 9   Vari able SUMWIN en tered, R2 = 0.63, C(p) = 13.969

 DF Sum of squares  Mean square F p > F

Re gres sion 10 1 410.500 79  141.050 08  3.51 0.012 5
Er ror 16   642.159 32   40.134 96
To tal 26 2 052.660 12

Vari able   
 Pa ram e ter
 es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –177.043 34    63.621 76  310.792 58  7.74 0.013 3
QUANT    0.197 79     0.090 02  193.763 04  4.83 0.043 1
AVAGE   –1.316 24     0.879 60   89.870 73  2.24 0.154 0
SORT   –4.110 21     2.477 43  110.470 52  2.75 0.116 6
VOLHA   –0.036 41     0.021 67  113.341 34  2.82 0.112 3
SDI    5.450 72     1.522 37  514.503 62 12.82 0.002 5
SUMWIN   –6.187 24     3.145 84  155.254 38  3.87 0.066 8
STUMP   –9.766 06     3.653 36  286.799 05  7.15 0.016 7
VQ  –10.064 94     3.837 50  276.088 67  6.88 0.018 5
Q2   –0.000 17     0.000 10  127.482 13  3.18 0.093 7
SDI2   –0.033 02     0.009 52  482.428 63 12.02 0.003 2

Bounds on con di tion num ber: 354.328, 8 948.654.

Step 10   Vari able SORT en tered, R2 = 0.69, C(p) = 12.891
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 DF Sum of squares  Mean square F p > F

Re gres sion 11 1 437.795 84  130.708 71  3.19 0.019 7
Er ror 15   614.864 28   40.990 95
To tal 26 2 052.660 12

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –204.715 13    72.691 17  325.105 63  7.93 0.013 0
QUANT    0.210 50     0.092 30  213.217 89  5.20 0.037 6
SLOPE    0.015 38     0.018 85   27.295 04  0.67 0.427 3
AVAGE   –1.217 27     0.897 17   75.459 42  1.84 0.194 9
SORT   –4.464 69     2.541 12  126.537 70  3.09 0.099 3
VOLHA   –0.034 21     0.022 06   98.567 80  2.40 0.141 8
SDI    6.037 30     1.698 17  518.098 64 12.64 0.002 9
SUMWIN   –7.073 27     3.359 51  181.708 61  4.43 0.052 5
STUMP  –11.039 27     4.008 26  310.926 14  7.59 0.014 8
VQ  –10.329 79     3.891 76  288.787 31  7.05 0.018 0
Q2   –0.000 18     0.000 10  136.732 72  3.34 0.087 8
SDI2   –0.036 65     0.010 60  489.741 48 11.95 0.003 5

Bounds on con di tion num ber: 429.975 6, 11 577.61.

Step 11   Vari able SLOPE en tered, R2 = 0.70, C(p) = 14.131

 DF Sum of squares  Mean square F p > F

Re gres sion 12 1 626.665 82  135.555 48  4.45 0.004 9
Er ror 14   425.994 30   30.428 16
To tal 26 2 052.660 12

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –169.358 65    64.216 73  211.638 20  6.96 0.019 5
QUANT    0.177 70     0.080 60  147.893 73  4.86 0.044 7
SLOPE    0.426 70     0.165 89  201.314 47  6.62 0.022 1
AVAGE   –0.909 28     0.782 80   41.055 25  1.35 0.264 8
SORT    0.189 36     2.878 01    0.131 73  0.00 0.948 5
VOLHA   –0.040 67     0.019 18  136.725 70  4.49 0.052 4
SDI    3.486 24     1.785 81  115.962 96  3.81 0.071 2
SUMWIN   –4.438 76     3.081 59   63.132 05  2.07 0.171 7
STUMP  –11.768 43     3.465 80  350.836 96 11.53 0.004 4
SLOPE2   –0.000 67     0.000 27  188.869 98  6.21 0.025 9
VQ   –8.354 19     3.445 54  178.883 01  5.88 0.029 4
Q2   –0.000 17     0.000 08  117.874 41  3.87 0.069 2
SDI2   –0.020 40     0.011 23  100.468 83  3.30 0.090 7

Bounds on con di tion num ber: 649.221 1, 21 819.57.

Step 12   Vari able SLOPE2 en tered, R2 = 0.79, C(p) = 10.869
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 DF Sum of squares  Mean square F p > F

Re gres sion 13 1 665.382 27  128.106 33  4.30 0.006 6
Er ror 13   387.277 85   29.790 60
To tal 26 2 052.660 12

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –182.210 65    64.532 76  237.501 45  7.97 0.014 4
QUANT    0.181 53     0.079 82  154.061 54  5.17 0.040 6
SLOPE    0.468 52     0.168 19  231.164 47  7.76 0.015 4
AVAGE   –0.959 39     0.775 80   45.558 07  1.53 0.238 1
SORT   –2.114 92     3.492 13   10.926 65  0.37 0.555 2
VOLHA   –0.048 41     0.020 16  171.770 23  5.77 0.032 0
SDI    3.722 99     1.779 17  130.445 82  4.38 0.056 6
SUMWIN   –5.106 04     3.104 81   80.571 02  2.70 0.124 0
STUMP  –12.988 91     3.592 53  389.425 45 13.07 0.003 1
SLOPE2   –0.000 73     0.000 27  214.996 60  7.22 0.018 7
VQ   –8.582 84     3.415 15  188.157 78  6.32 0.025 9
Q2   –0.000 17     0.000 08  119.778 32  4.02 0.066 2
SB2    0.267 89     0.234 99   38.716 45  1.30 0.274 9
SDI2   –0.021 74     0.011 17  112.813 40  3.79 0.073 6

Bounds on con di tion num ber: 656.459 2, 24 120.81.

Step 13   Vari able SB2 en tered, R2 = 0.81, C(p) = 11.790
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 DF Sum of squares  Mean square F p > F

Re gres sion 14 1 692.250 00  120.875 00  4.02 0.010 3
Er ror 12   360.410 11   30.034 18
To tal 26 2 052.660 12

Vari able   
Pa ram e ter
es ti mate

  Stan dard
  er ror

 Type II
 sum of squares F p > F

INTERCEP –156.049 32    70.452 84  147.347 41  4.91 0.046 9
QUANT    0.173 19     0.080 63  138.558 85  4.61 0.052 8
SLOPE    0.527 25     0.179 93  257.886 45  8.59 0.012 6
AVAGE   –4.732 15     4.064 24   40.716 95  1.36 0.266 9
SORT   –2.027 20     3.507 61   10.032 03  0.33 0.574 0
VOLHA   –0.050 14     0.020 33  182.753 12  6.08 0.029 7
SDI    3.027 46     1.931 86   73.759 84  2.46 0.143 1
SUMWIN   –4.626 00     3.158 52   64.425 97  2.15 0.168 7
STUMP  –12.104 87     3.726 31  316.940 37 10.55 0.007 0
AV2    0.364 55     0.385 44   26.867 74  0.89 0.362 9
SLOPE2   –0.000 82     0.000 29  241.828 98  8.05 0.015 0
VQ   –7.837 21     3.518 53  149.009 85  4.96 0.045 8
Q2   –0.000 17     0.000 08  124.631 68  4.15 0.064 3
SB2    0.261 40     0.236 05   36.831 62  1.23 0.289 8
SDI2   –0.017 33     0.012 15   61.132 45  2.04 0.179 2

Bounds on con di tion num ber: 769.849, 31 210.24.

Note: No other vari able met the 0.5 sig nif i cance level for en try into the model.

Step 14   Vari able AV2 en tered, R2 = 0.82, C(p) = 13.041
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Step   Vari able en tered Num ber in Par tial R2 Model R2 C(p) F p > F

 1     STUMP  1 0.1355 0.1355 26.4408 3.9180 0.0589
 2     AVAGE  2 0.0581 0.1936 25.1190 1.7286 0.2010
 3     Q2  3 0.0654 0.2589 23.3810 2.0286 0.1678
 4     SDI  4 0.0597 0.3186 21.9675 1.9272 0.1790
 5     SDI2  5 0.1255 0.4441 16.7922 4.7395 0.0410
 6     QUANT  6 0.0308 0.4749 17.0309 1.1730 0.2917
 7     VQ  7 0.0413 0.5162 16.6675 1.6230 0.2180
 8     VOLHA  8 0.0734 0.5896 14.4722 3.2173 0.0897
 9     SUMWIN  9 0.0438 0.6333 13.9690 2.0294 0.1724
10     SORT 10 0.0538 0.6872 12.8912 2.7525 0.1166
11     SLOPE 11 0.0133 0.7005 14.1307 0.6659 0.4273
12     SLOPE2 12 0.0920 0.7925 10.8686 6.2071 0.0259
13     SB2 13 0.0189 0.8113 11.7899 1.2996 0.2749
14     AV2 14 0.0131 0.8244 13.0414 0.8946 0.3629

Sum mary of for ward-se lec tion pro ce dure for de pend ent vari able FRATE

Obs
Dep var
FRATE

Pre dict
value

SE
pre dict

Lower
95%

mean

Up per
95%

mean

Lower
95%

pre dict

Up per
 95%

pre dict
 

Re sid ual
SE

re sid ual
Stu dent
re sid ual

 

 –2–1–0  1  2 Cook’s D

 1 35.4100 31.9477 2.779 25.8925 38.0030 18.5595 45.3360  3.4623 4.723  0.733   |****|****|  0.012
 2 24.8100 29.5002 4.269 20.1993 38.8010 14.3646 44.6357 –4.6902 3.437 –1.365   |****|****|  0.192
 3 14.0900 15.4529 4.962  4.6414 26.2643 –0.6551 31.5608 –1.3629 2.326 –0.586   |****|****|  0.104
 4 28.6100 27.3629 4.091 18.4501 36.2757 12.4627 42.2631  1.2471 3.647  0.342   |****|****|  0.010
 5 49.2600 44.0085 4.095 35.0861 52.9308 29.1025 58.9144  5.2515 3.642  1.442   |****|****|  0.175
 6 26.6700 28.2146 4.311 18.8226 37.6066 13.0229 43.4063 –1.5446 3.384 –0.456   |****|****|  0.023
 7 35.4200 37.5516 3.919 29.0138 46.0895 22.8726 52.2307 –2.1316 3.831 –0.556   |****|****|  0.022
 8 25.7300 21.2792 4.747 10.9358 31.6225  5.4816 37.0768  4.4508 2.738  1.625   |****|****|  0.529
 9 15.2900 16.3437 4.974  5.5070 27.1804  0.2188 32.4686 –1.0537 2.301 –0.458   |****|****|  0.065

10 20.6300 20.3309 3.503 12.6987 27.9631  6.1595 34.5023  0.2991 4.215  0.071   |****|****|  0.000
11 38.7300 34.5181 3.668 26.5261 42.5101 20.1497 48.8865  4.2119 4.072  1.034   |****|****|  0.058
12 20.9600 20.7766 5.081  9.7054 31.8478  4.4931 37.0600  0.1834 2.053  0.089   |****|****|  0.003
13 33.0000 33.3236 3.761 25.1298 41.5174 18.8420 47.8052 –0.3236 3.986 –0.081   |****|****|  0.000
14 30.4400 27.7476 3.400 20.3391 35.1561 13.6954 41.7998  2.6924 4.298  0.626   |****|****|  0.016
15 32.7400 36.5810 3.982 27.9053 45.2566 21.8214 51.3406 –3.8410 3.766 –1.020   |****|****|  0.078
16 14.8500 18.8911 3.970 10.2404 27.5417  4.1462 33.6360 –4.0411 3.778 –1.070   |****|****|  0.084
17 42.3100 34.1661 3.808 25.8687 42.4635 19.6256 48.7066  8.1439 3.941  2.066   |****|****|  0.266
18 24.4400 29.3283 3.952 20.7178 37.9388 14.6069 44.0497 –4.8883 3.797 –1.287   |****|****|  0.120
19 24.7100 22.1115 4.219 12.9188 31.3042  7.0421 37.1808  2.5985 3.498  0.743   |****|****|  0.054

20 37.1400 38.6975 3.622 30.8068 46.5882 24.3852 53.0098 –1.5575 4.113 –0.379   |****|****|  0.007
21 29.3300 33.2178 3.070 26.5281 39.9075 19.5309 46.9047 –3.8878 4.540 –0.856   |****|****|  0.022
22 17.7800 18.6208 4.900  7.9443 29.2973  2.6031 34.6385 –0.8408 2.454 –0.343   |****|****|  0.031
23 32.6800 37.9479 2.767 31.9199 43.9760 24.5720 51.3239 –5.2679 4.731 –1.114   |****|****|  0.028
24 27.4200 26.6169 3.449 19.1031 34.1307 12.5089 40.7249  0.8031 4.259  0.189   |****|****|  0.002
25 15.4100 21.2633 4.238 12.0292 30.4974  6.1687 36.3579 –5.8533 3.475 –1.685   |****|****|  0.281
26 19.1300 14.1892 4.762  3.8127 24.5656 –1.6301 30.0085  4.9408 2.712  1.822   |****|****|  0.683
27 27.3300 24.3306 4.658 14.1815 34.4798  8.6595 40.0018  2.9994 2.887  1.039   |****|****|  0.187

Sum of re sid u als = 0.
Sum of squared re sid u als = 360.410 1.
Sum of squares of pre dicted re sid ual er rors (press) = 2 215.286 6.

Note: FRATE = pro cess ing rate, C (p) = to tal squared er ror, DF = de grees of free dom, STUMP = log ging meth ods in dex, AVAGE = av er -
age age of  log ging ma chines, Q2 = square of quan ti ta tive tim ber size in dex, SDI = spe cies di ver si fi ca tion in dex, SDI2 = square of
 species di ver si fi ca tion in dex, QUANT = quan ti ta tive tim ber size in dex, VQ = quan ti ta tive tim ber size in dex di vided by av er age
vol ume per  hectare, VOLHA = av er age vol ume (m3/ha), SUMWIN = sea sonal in dex, SORT = sort ing in dex, SLOPE = slope
 index, SLOPE 2 = square of slope in dex, SB2 = square of sort ing in dex + buck ing in dex, AV2 = square of av er age age of log ging
ma chines, SE = stan dard er ror, Cook’s D = Cook’s D in flu ence sta tis tic.



AP PEN DIX 17
Regression analysis of road-building

 productivity in relation to forest,
 cutblock, and machine characteristics

(forward selection procedure for dependent variable PMH)

Inf. Rep. NOR-X-375 71

 DF Sum of squares Mean square F p > F

Re gres sion  1  49 485 727.965 52 49 485 727.965 52 7.15 0.015 5
Er ror 18 124 656 654.734 48  6 925 369.707 47
To tal 19 174 142 382.700 00

Vari able   
 Pa ram e ter
 es ti mate

 Stan dard
 er ror

Type II
sum of squares F p > F

INTERCEP  –2 598.986 99   2 195.203 87  9 707 367.089 28 1.40 0.251 8
SLOPE      18.951 43       7.089 63 49 485 727.965 52 7.15 0.015 5

Bounds on con di tion num ber: 1, 1.

Step 1   Vari able SLOPE en tered, R2 = 0.28, C(p) = 3.617

 DF Sum of squares Mean square F p > F

Re gres sion  2  67 094 663.156 68 33 547 331.578 34 5.33 0.016 0
Er ror 17 107 047 719.543 32  6 296 924.679 02
To tal 19 174 142 382.700 00

Vari able   
 Pa ram e ter
 es ti mate

 Stan dard
 er ror

Type II
sum of squares F p > F

INTERCEP –19 619.760 01 10 391.354 29 22 447 685.831 80 3.56 0.076 2
SLOPE     134.775 93     69.591 63 23 617 783.833 02 3.75 0.069 6
SLOPE2      –0.182 84      0.109 34 17 608 935.191 16 2.80 0.112 8

Bounds on con di tion num ber: 105.969 7, 23.878 7.

Step 2   Vari able SLOPE2 en tered, R2 = 0.39, C(p) = 2.846
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 DF Sum of squares  Mean square F p > F

Re gres sion  3  89 177 157.378 74 29 725 719.126 25 5.60 0.008 1
Er ror 16  84 965 225.321 26  5 310 326.582 58
To tal 19 174 142 382.700 00

Vari able   
 Pa ram e ter
 es ti mate

 Stan dard
 er ror

Type II
sum of squares F p > F

INTERCEP –20 310.903 05  9 548.656 43 24 026 757.356 98 4.52 0.049 3
SLOPE     149.166 67     64.296 20 28 582 221.705 03 5.38 0.033 9
SORT  –1 407.262 11    690.099 24 22 082 494.222 06 4.16 0.058 3
SLOPE2      –0.209 40      0.101 25 22 713 833.560 64 4.28 0.055 2

Bounds on con di tion num ber: 107.752 5, 48.204 5.

Step 3   Vari able SORT en tered, R2 = 0.51, C(p) = 1.371

 DF Sum of squares  Mean square F p > F

Re gres sion  4 100 893 452.180 91 25 223 363.045 23 5.17 0.008 1
Er ror 15  73 248 930.519 09  4 883 262.034 61
To tal 19 174 142 382.700 00

Vari able   
 Pa ram e ter
 es ti mate

 Stan dard
 er ror

Type II
sum of squares F p > F

INTERCEP –16 335.819 68  9 509.475 03 14 410 491.916 62 2.95 0.106 4
SLOPE     145.726 50     61.696 61 27 243 599.344 32 5.58 0.032 1
FTYPE  –1 719.123 58  1 109.856 85 11 716 294.802 17 2.40 0.142 2
SORT  –1 495.819 69    664.233 34 24 764 364.103 53 5.07 0.039 7
SLOPE2      –0.210 78      0.097 10 23 011 033.289 95 4.71 0.046 4

Bounds on con di tion num ber: 107.761 5, 869.74.

Step 4   Vari able FTYPE en tered, R2 = 0.58, C(p) = 1.527



Inf. Rep. NOR-X-375 73

 DF Sum of squares  Mean square F p > F

Re gres sion  5 116 437 287.624 15 23 287 457.524 83 5.65 0.004 7
Er ror 14  57 705 095.075 85  4 121 792.505 42
To tal 19 174 142 382.700 00

Vari able   
 Pa ram e ter
 es ti mate

 Stan dard
 er ror

Type II
sum of squares F p > F

INTERCEP –12 110.976 55  9 003.447 59  7 458 075.400 18 1.81 0.200 0
SLOPE     111.776 70     59.317 33 14 636 104.660 42 3.55 0.080 4
FTYPE  –2 377.861 52  1 074.603 37 20 181 936.856 38 4.90 0.044 0
HA       2.031 71      1.046 22 15 543 835.443 24 3.77 0.072 5
SORT  –1 550.142 54    610.892 11 26 539 965.825 97 6.44 0.023 7
SLOPE2       0.159 33      0.093 06 12 082 926.859 26 2.93 0.108 9

Bounds on con di tion num ber: 117.617 8, 1 192.486.

Step 5   Vari able HA en tered, R2 = 0.67, C(p) = 1.081

 DF Sum of squares  Mean square F p > F

Re gres sion  6 120 761 396.809 79 20 126 899.468 30 4.90 0.007 9
Er ror 13  53 380 985.890 21  4 106 229.683 86
To tal 19 174 142 382.700 00

Vari able   
 Pa ram e ter
 es ti mate

 Stan dard
 er ror

Type II
sum of squares F p > F

INTERCEP –17 618.389 22 10 467.056 47 11 633 931.541 85 2.83 0.116 2
SLOPE     140.418 97     65.454 59 18 897 944.573 19 4.60 0.051 4
FTYPE  –2 335.342 57  1 073.372 75 19 437 629.414 99 4.73 0.048 6
HA       1.499 53      1.165 93  6 792 214.117 39 1.65 0.220 8
SORT  –1 455.400 55    616.687 83 22 870 599.961 21 5.57 0.034 6
SUMWIN   1 115.081 02  1 086.625 06  4 324 109.185 64 1.05 0.323 5
SLOPE2      –0.204 84      0.102 93 16 263 592.365 51 3.96 0.068 0

Bounds on con di tion num ber: 144.001 3, 1 758.72.

Note: No other vari able met the 0.5 sig nif i cance level for en try into the model.

Step 6   Vari able SUMWIN en tered, R2 = 0.69, C(p) = 2.401
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Step   Vari able en tered Num ber in Par tial R2 Model R2 C(p) F p > F

1     SLOPE 1 0.284 2 0.284 2 3.617 2 7.145 6 0.015 5
2     SLOPE2 2 0.101 1 0.385 3 2.846 1 2.796 4 0.112 8
3     SORT 3 0.126 8 0.512 1 1.371 0 4.158 4 0.058 3
4     FTYPE 4 0.067 3 0.579 4 1.527 2 2.399 3 0.142 2
5     HA 5 0.089 3 0.668 6 1.081 1 3.771 1 0.072 5
6     SUMWIN 6 0.024 8 0.693 5 2.400 6 1.053 1 0.323 5

Sum mary of for ward-se lec tion pro ce dure for de pend ent vari able PMH

Obs
Dep var
FRATE

Pre dict
value

SE
pre dict

Lower
95%

mean

Up per
95%

mean

Lower
95%

pre dict

Up per
 95%

pre dict
 

Re sid ual
SE

re sid ual
Stu dent
re sid ual

 

 –2–1–0  1  2 Cook’s D

 1  9 500.0 6 284.5 1 028.058  4 063.5  8 505.5  1 375.6 11 193.4  3 215.5 1 746.232  1.841   |****|****|  0.168
 2  3 173.5 4 171.1 1 206.945  1 563.7  6 778.6   –924.3  9 266.6   –997.6 1 627.732 –0.613   |****|****|  0.030
 3    500.0 2 515.5 1 316.391   –328.4  5 359.4 –2 704.9  7 735.8 –2 015.5 1 540.566 –1.308   |****|****|  0.179
 4  2 292.0 3 325.0 1 160.043    818.9  5 831.1 –1 719.3  8 369.3 –1 033.0 1 661.484 –0.622   |****|****|  0.027
 5  2 000.0 1 171.0 1 471.467 –2 007.9  4 349.9 –4 239.2  6 581.2    829.0 1 393.203  0.595   |****|****|  0.056
 6  5 400.0 4 076.1   959.029  2 004.3  6 148.0   –767.1  8 919.4  1 323.9 1 785.075  0.742   |****|*     |  0.023
 7  6 000.0 3 490.6 1 038.521  1 247.0  5 734.2 –1 428.6  8 409.8  2 509.4 1 740.030  1.442   |****|****|  0.106
 8    300.0  –650.9   974.109 –2 755.3  1 453.5 –5 508.2  4 206.4    950.9 1 776.891  0.535   |****|****|  0.012
 9  2 000.0 5 401.7 1 399.684  2 377.9  8 425.6     81.2 10 722.3 –3 401.7 1 465.303 –2.322   |****|****|  0.703

10 10 800.0 8 484.1 1 317.889  5 637.0 11 331.2  3 262.0 13 706.2  2 315.9 1 539.285  1.505   |****|****|  0.237
11  4 000.0 4 888.9 1 232.683  2 225.8  7 551.9   –235.2 10 013.0   –888.9 1 608.329 –0.553   |****|****|  0.026
12  6 114.5 7 102.0 1 385.145  4 109.6 10 094.5  1 799.3 12 404.8   –987.5 1 479.054 –0.668   |****|****|  0.056
13  1 080.0   413.1 1 261.958 –2 313.2  3 139.4 –4 744.2  5 570.3    666.9 1 585.463  0.421   |****|****|  0.016
14    500.0  –830.3 1 316.690 –3 674.8  2 014.3 –6 051.0  4 390.5  1 330.3 1 540.311  0.864   |****|****|  0.078
15    700.0   595.9 1 262.560 –2 131.7  3 323.5 –4 562.0  5 753.9    104.1 1 584.983  0.066   |****|****|  0.000
16  1 926.0 2 815.6   815.803  1 053.1  4 578.0 –1 903.6  7 534.8   –889.6 1 854.911 –0.480   |****|****|  0.006
17  1 200.0 2 871.1 1 173.244    336.4  5 405.7 –2 187.5  7 929.6 –1 671.1 1 652.189 –1.011   |****|****|  0.074
18  1 000.0 1 138.9   886.543   –776.3  3 054.2 –3 639.5  5 917.3   –138.9 1 822.161 –0.076   |****|****|  0.000
19  1 000.0 2 611.1 1 430.075   –478.3  5 700.6 –2 747.0  7 969.3 –1 611.1 1 435.659 –1.122   |****|****|  0.179
20  1 600.0 1 210.8 1 054.315 –1 066.9  3 488.5 –3 724.0  6 145.6    389.2 1 730.506  0.225   |****|****|  0.003

Sum of re sid u als = 0.
Sum of squared re sid u als = 53 380 985.890.
Sum of squares of pre dicted re sid ual er rors (press) = 143 195 263.14.

Note: PMH = pro duc tive ma chine hours, C (p) = to tal squared er ror, DF = de grees of free dom, SLOPE = slope in dex, SLOPE2 = square 
of slope in dex, SORT = sort ing in dex, FTYPE = for est type, HA = to tal area har vested, SUMWIN = sea sonal in dex, SE = stan dard
er ror, Cook’s D = Cook’s D in flu ence sta tis tic.




