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WORKER PRODUCTIVITY IN
PRECOMMERCIAL THINNINGS

INTRODUCTION

Precommercial thinning is a spacing operation
intended to increase the proportion of preferred
species and shorten the time to operability of
dense naturally regenerated stands. This is
accomplished by cutting the less desirable trees,
thereby promoting the growth and quality of
crop trees. Other benefits of this treatment may
include the development of a windfirm stand
due to larger root systems, an increase in site
quality and a decrease in harvesting costs (Piene
and Anderson, 1987).

In Nova Scotia, stands eligible for

precommercial thinning must be at least 60%
stocked with a minimum of 4,000 trees/ha and
have an average height between 1.5 and 9.0
metres. Between 1966 and 1990, over 71,600
hectares were precommercially thinned in Nova
acotia.

The purpose of this study is to quantify
worker productivity attained in precommercial
thinnings and its’ relationship to various stand,
site, and climatic factors. This is one in a seres
of silviculture worker-productivity studies
(NSDLF, 1989, 1991, NSDNR, 1991, 1992),

STAND DESCRIPTIONS AND TREATMENT

Twenty stands meeting the criteria for a
precommercial thinning operation were identi-
fied and forty-two blocks with uniform site and
stand conditions within these stands were desig-
nated for the study. Site and stand characteris-
tics capable of affecting worker productivity
were recorded (Appendix I). Before treatment,
the blocks varied as follows:

Canadi

(1) 7,436 t0 42,748 trees/ha (average 21,333
trees/ha),

(i1) crop tree height 2.43 to 8.50 m (average
4.63 m),

(i) softwood density 5,595 to 41,281 trees/ha
(average 19,221 trees/ha),

(iv) hardwood density 0 to 10,072 trees/ha
(average 2,112 trees/ha).
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The stands were spaced according to guide-
lines in the Nova Scotia Department of Lands
and Forests, Forestry Field Handbook (NSDLF,
1988). The operations were performed with
chainsaws between February, 1987 and Novem-

ber, 1989. Twenty-two blocks were spaced by 5
forestry instructors from the Commercial Saftey
College in Masstown, Nova Scotia and the
rematining 20 blocks by woods workers of
“average experience”. ‘

DATA COLLECTION AND ANALYSIS

Fixed interval activity sampling (Stjernberg,
1991) was used to determine the relative amount
of time spent on various activities by each
worker. The activities being executed by the
worker (such as felling, limbing, or saw mainte-
nance) were noted every 30 seconds. The
activities were grouped as either productive or
non-prodifctive (Appendix 1I). Productive man
hours (PMH) were calculated by multiplying the

percentage of productive activity occurrences by
the total time to thin the block. On average,
each block was observed for 3 hours and 25
minutes out of a total thinning time of 10 hours
and 51 minutes. These observations were taken
at intermittent periods spread throughout each
sampled work day. This resulted in an average
of 410 activity samples per block (Appendix I).

RESULTS AND DISCUSSION

Activities

The time spent on productive activities was 82%
and non- productive 18% (Table 1). Of the
productive activities, felling trees took the most
time (58%) followed by moving (13%), felling
preparation and freeing hung-up trees (9%

Table 1.

Percent of time spent on productive and non-productive pre

each), other productive activities (7%} and
limbing and slashing (4%). Saw maintenance
was the most time consuming non-productive
activity, (55%), followed by breaks (31%), saw
repair (11%), and other non-productive (3%).

nmercial thinning activitics

FRODUCTIVE

Felling Preparation 7
Felling 48
Freeing Hung-up Trees ‘ 7
Limbing and Slashing 3
Moving 11
Other 6
Total Productive 82
NON-FRODUCTIVE

Breaks 6
3aw Maintenance 9
Saw Repair 2
Other 1
Tetal Non-Productive 18
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Productivity - ‘ The following model was used to relate
In this study, worker productivity v.med by over  productivity to stand density:
400%, from a low of 0.018 hectares :
precommercially thinned per productive man P =B, * SDB!
hour ¢tha/PMH), to a high of 0.103 ha/PMH.
Productivity averaged 0.045 ha/PMH or 0.258 where, P = Productivity expressed as
ha/day assuming 5.74 productive hours per day hectares thinned per
(82% of a 7 hour work day excluding lunch). productive man hour,

| B, = Regression coefficients,
Pre-treatment density
(trees/ha) of all regeneration
taller than 30 cm.
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Figure 1. Predwted (P) and actual productivily in hectares per productive man hour (PMH) versus stand denszty
(50 freesiha) and erop tree height prior to treatment,
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y and crop tree height.
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Two regression equations were derived from
this model, one for the shorter stands (average
height of 1.5 to 6.0 m tall; 35 cases) and one for
the taller stands (average height of 6.0 - 9.0 m
tall; 7 cases) (Figure 1 and Table 2).

For the shorter stands, worker productivity
increases at an accelerating rate as stand density
decreases. For example, in high density stands,
productivity is only 7% higher for stands with
35,000 as compared to 40,000 trees/hectare.
However, for a decrease of 5,000 trees per
hectare in lower density stands (7,500 instead of
12,500), productivity is 29% higher (Figure 1,

Table 2). In taller stands, productivity is not
strongly affected by density. For example, fora
decrease of 20,000 trees from a stand density of
30,000 to 10,000 trees per hectare, productivity

‘increases by only 3%.

Increased crop tree height has a negative
effect on production. For the taller stands,
productivity is predicted to be 41% and 19%
less than in the shorter stands for densities of
10,000 and 30,000 respectively (Figure 1, Table
2).

No strong cormrelations were found between
productivity and the other variables measured
(Appendix I).



CHAINSAW VERSUS BRUSHSAW

In Nova Scotia, the chainsaw is the most widely
available tool for performing precommercial
thinnings on small private holdings. This is
attributed to the high cost and limited versatility
of brushsaws as opposed to chainsaws in imple-
menting a wide variety of forest management
treatments (Eddy, 1987). On the other hand,
large landowners in Nova Scotia and in coun-
tries like Sweden (Berglund 1987) prefer the
brushsaw over the chainsaw. The brushsaw is
constdered safer to operate and easier on the
operator because of less bending. In addition,
Ellingsen (1978) produced figures which show
that, ini¢he hands of professional workers,

brushsaws are capable of producing at least 50%
more than chainsaws.

Comparing the data collected for chainsaws
in this study with Stora Forest Industries!
brushsaw data (unpublished), reinforces
Ellingsen’s conclusions (Figure 2, Table 3). For
any given stand density, worker productivity
using brushsaws is higher than that for
chainsaws. The magnitude of the difference is
greatest at the lowest densities and least at the
the highest densities. For example, in a stand
with a density of 12,500 trees per hectare,
brushsaws out perform the chainsaws by 83%.
At 40,000 sterns/ha, the difference in productiv-
ity is 61%.

Worker productivity: brushsaws versus chainsaws
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Figure 2. Predicted productivity (P) based on stand density (SD) for brushsaws and chainsaws in precommercial
thinnings for stands <6.0m tall. Brushsaw data obtained from Stora Farest Industriex. Chainsaw datu

derived from this study.

lC)rlly the stand in the shorter height clugs (21.5 and < 6.0m) from this study were
compared, since the Storn data was gathered in stands less than 6.0 m in height,



Table 3. Comparison of predicted productivities between brushsaws and chainsaws for stands <6.0 min
average crop tree

7500 0.147
10000 0.124
12300 0.108
15000 0.097
17500 0.088
20000 0.081
22500 0.076
25000 0.071
27500 : 0.067

4 30000 0.064
32300 0.061
35000 0.058
37500 0.056
40000 ‘ ' 0,053

0.07¢
0.066
0.059
0.054
0.050
0.047
0.044
0.042
0.040
0.038
0.037
0,036
0.034

SUMMARY AND CONCLUSIONS
3.

The major results of this study to determine
worker productivity in precommercial thinning
treatments are as follows:

1. Productivity averaged 0.258 and ranged
from 0.103 to 0.591 ha/day for blocks
varying in density from 7,436 to 42,748
stems/ba and crop tree height between
2.43 and 8.50 m (assumes 5.74 produc-
tive hours per day).

2. Workers spent 82% of their time on
productive activities. The most time
consuming productive activity was
felling (48%) while the most time con-
suming non-productive activity was saw
maintenance (9%).

Worker productivity (P) expressed in
hectares per productive man hour (ha/
PMH) is related to stand density (SD;
trees per hectare) according to the fol-
lowing regression equations:

For stands with an average crop tree
height of > 1.5 and < 6.0 m;

P = 6.15 # §p-0-493 [1]
For stands with an average crop tree
height of = 6,0 and < 9.0 m:

P = 0.041 * $D-0.026 [2]



4. Initial stand density strongly influences
worker productivity in the shorter stands
(1.5 to0 6.0 m). For example, productiv-
ity is approximately 71% higher in
stands with 10,000 versus 30,000 trees/
ha (Equation [1]). In the taller stands,
initial stand density does not greatly
influence worker productivity. For stand
densities of 10,000 and 30,000 trees/ha,
worker productivity varied by less than
3% (Equation [2]).

5. Productivity in the shorter stands com-
pared to the taller stands is predicted to
be 19 to 53% higher for densities of
30,000 and 10,000 trees/ha respectively.

6. Workers can potentially increase their
productivity by 50 to 100% by using
brushsaws instead of chainsaws.
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