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A Study on the Relation between Working Time
and Tree Formal Characteristics'*
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ABSTRACT

The main purpose of this research is to provide scientific informations about standard wage and
performance tariffs in forest management with special reference to working time for thinning.

To identify relationships between net working time and tree characteristics, three geographically
different sample plots were established at Yangsan, Bongpyvung and Jinan and 460 oaks, 372 Japanese
larches, 232 red pine and 240 pitch pine were selected at each sample plots.

Tte results of statistical analysis using multiple regression are as follows :

1. Five independent variables of breast height diameter(DBH), mid-diameter(MD) large end diameter

© A4 198011 9% 89 Received on September 8, 1989,
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382 ol A o] MibEfEEEERI S MK

(LD), log-length(L),

fiEfrobel BRGREFTE

No. of branches(NOB, were stable independent of worker and tree species.

2. Comparing correlation coefficient of five independent variables, the best predictive variables, breast

height diameter and No, of branches, were selected. Breast height diameter and No. of branches were

identified as the most important independent variables

the working time.

3. Comparing coefficient of determination (Rp}

and residual mean square (MSEp),

in terms of effect on the dependent variable of

the best linear

regression equation for each tree species was selected as followes :

WT=a-bl x NOB-+b2xDBF

4. Proportion of hang-up time to total working time in thinning were 66% in oak stand, 74%, in

Japanese larch stand, 55%. in red pine stand and 52% in pitch pine stand, respectively.

5 Based on the best regression equation, a table of working time was made by strata of number of

branches and breast height diameter.

6. Total working time using the best regression equation in Table 5 can be predicted in terms of felling

time, limbing time, hang-up time, i.e.,

centimeter increase in breast height diameter from

Koy words | time study , working time
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total working time increases by 11 to 13 seconds with every 1

7 to 16 centimeter,
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Table 1. Mean value of tree formal characteristics and working time per worker,

No of Tree Characteristics Working time sec’

Treg Worker — — p— — p—— P —= p— —
soecies Trees DBH MD 1D L NOB FT LT HT wWT St CVt

1 115 11.32 9.58 15.12 507.92 6.53 11.98 27.83 22.65 39.81 21.47 53.93
2 115 11.32 9.42  15.59 517.52 5.80 12.68 30.97 44.09 43.64 28.49 65.28
Qzk 3 115 11.32 9.62 15.60 493.32 6.97 10.09 29.80 22.06 39.89 24.90 62.42
4 115 11.32 9.36 15.25 544.36 5.38 10.24 28.12 17.38 38.37 24.07 62.7
Total 460 11.32 9.49 1539 476.46 6.17 11.25 29.18 26.55 40.43 24.86 61.49
1 93 10.92 9.56 13.96 799.22 20,23 5.31  28.99 26.2 34.30  20.44 59.39
2 93 10.92 9.30 13.77 767.09 19.04 6.09 28.19 28.24 34.28 20.36 59.39
J.Larch 3 93 10,92 9.42 14.29 769.98 22.97 5.20 27.48 23.85 32.68 19.49 5Y9.64
4 93 10.92 9.31 13.55 692.82 22.02 5.94  26.57 21.17 32.51 18.19 55.95
Total 372 10.92 9.40 13.89 757.27 21.66 5.63  27.81 24,87 33.44 19.58 58.53
1 38 9.12 7.86 12.19 455.26 25.05 2,29 28.47 18.67 30.76 13.59 44.18
2 38 9.12 7.93 12.29 435.39 25.07 2.93 29.00 17.59 31.93 1451 45.44
§§:L 3 58 9.12 8.09 12.17 45448 26.91 2,02 28.16 16.00 30.17 12,98 43.02
4 58 9.12 8.24 12.7 465.50 27.67 2.8 28.33 15.38 31.19 13.63 43.70
Total 232 9.12 8.03 12.36 452.76 26.18 2,53 28.49 16.91 31.01 13.62 43.92
1 60 9.17 8.13 11.30 618.27 25.00 3.35 26.80 17.00 30.35 17.83 58.91
) 2 60 9.17 8.23 11.33 534.85 23.22 3.12 25.40  16.67 28.32 15.49 54.31
i;::h 3 60 9.17 8.05 11.52 613.47 27.08 5.28 29.27 17.42 34.55 18.58 53.78
4 60 9.17 8.40 11.02 525.10 24.17 3.22  28.23 14,07 31.45 16.8% 53.70
Total 240 9.17 8§.20 11.24 572.92 24.87 3.79  27.43  16.28 31.22 17.28 55.35
. . - - St
St ; Standard deviation= CVt : Coefficient of variability = T = 100

Table 2. Minimum, and maximum value of tree formal characteristics working time per worker.

) ! 3 Tree Characteristics Working time{sec}

Srp e . Worker 10" TDBH WD LD L NOB  FT LT 0T WT
Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max Min Max

1 115 7 16 6 17 9 23 194 932 0 22 3 38 3 73 0 181 7 100

2 115 7 16 6 15 8 25 150 837 0 20 3 54 3 99 0 200 7 144

Oak 3 115 7 16 6 15 8 25 215 960 0 28 2 33 3 81 0 129 5 14
4 115 7 lo 6 14 g8 24 170 775 0 22 3 30 387 0 30 5 101

Total 460 7 16 6 17 8 25 150 960 0 28 2 34 399 0200 5 144

1 93 7 16 6 14 8 22 301 1410 0 52 2 18 3 72 5 110 3 83

2 93 7 16 6 14 8 22 155 1540 0 62 2 18 3 87 0 62 4 97

I.Larch 3 93 7 16 6 14 8 22 320 1340 0 74 2 14 5 78 0 80 7 91)
4 93 7 16 7 13 8 23 205 1275 2 61 2 13 3 X 0 85 1 77

Total 372 7 16 6 14 8 23 155 1540 0 T4 2 18 3 87 0 110 4 97

1 58 712 6 10 8 17 187 785 4 48 2 7 6 69 3 64 7 73

Red 58 7012 6 10 8 18 136 650 7 44 2 7 6 66 0 60 7 71
Pine 3 58 7012 6 11 8 19 202 678 7 39 2 6 360 5 67 4 62
4 58 7012 6 1l 8 18 234 780 8 50 2 6 768 5 44 8 72

Total 232 7012 6 11 8 19 15 78 4 50 2 7 3 69 0 67 4 73

1 60 712 6 11 8 15 269 997 6 59 2 1 5 73 7 39 7 80

Pitch 2 6() 7012 6 12 8 17 235 1230 3 53 2 7 5 2 5 53 7 67
Pin 3 60 712 6 12 8 16 220 1140 7 54 2 30 6 1 5 60 10 94
4 60 7 12 6 13 7 18 250 865 8 48 2 8 9 72 4 40 11 80

Total 240 712 6 13 7 18 220 1230 3 59 2 30 5 84 4 60 7 94

DBH : Breast height diameter, MD : Mid-diameter, LD : Large end diameter, L : Log-length
NOB : No. of branches, FT : Felling time, LT ! Limbing time, HT : Hang-up time, WT : Working time
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Table 4-1. Matrix of correlation coefficient between variables,

387

DBH MD LD L NOB FT LT WT
~ DBH  1.0000 B
MD 0.8779™"  1.0000
LD 0.9366™  0.8624"  1.0000
(a) L 0.8412**  0.6863"*  0.8055""  1.0000
k NOB  0.7675*" 0.6702"* 0.7441** 0.7712*~ 1.0000
ET 0.6881*"  0.6342**  0.6898"%  0.6461**  0.64617%  1.0000
LT 0.8399**  0.7301"*  0.8006"*  0.7650**  0.7650**  0.6143**  1.0000
WT 0.8670%*  0.7796""  0.8355""  0.7949**  0.7949**  0.7672**  0.7652"%  1.0000
No. of Cases 460 Significant . *=0.01L. **=0.001
DBH  1.0000
MD 0.9218"*  1.0000
J. LD 0.9496*  0.9160**  1.0000
!5 L 0.8363*"  0.7980""  0.8194*  1.0000
% NOB  0.7575**  0.7334**  0.7478**  0.6607**  1.0000
FT 0.8437**  0.7900*  0.8400"*  0.6923**  (.7204**  1.0000
LT 0.8822*  0.8634""  0.8650"*  0.8125*"  0.8342**  0.7955**  1.0000
WT 0.9016*  0.8763**  0.8861"*  0.8160%*  (.8394**  0.8334™*  (0.9947**  1.0000
No. of Cases 372 Significant © *=0.01, “*=0.001
Table 4-2. Matrix of correlation coefficient between variables.
DBH MD LD L NOB FT LT WT
~ DBH  1.0000
MD 0.8622**  1.0000
LD 0.8802**  (.8423™  1.0000
L 0.6735**  0.5353"*  0.5907"*  1.0000
NOB  0.6968**  0.5825"*  0.6909*"  0.7589""  1.0000
FT 0.5758**  0.5528"*  0.6730%"  0.3343**  0.4238**  1.0000
LT 0.7996**  0.6944"*  0.7817*"  0.7556™*  0.8478**  0.5300""  1.0000
wWT 0.8123**  0.7108**  0.8055"*  0.7458"*  0.8419**  0.6024**  0.9961"*  1.0000
No. of Cases 232 Significant © *=0.01, **=0.001
DBH 1.0000
MD 0.8347**  1.0000
LD 0.8514**  0.8539**  1.0000
L 0.6760%*  0.5920"*  0.6809""  1.0000
NOB  0.7126**  0.6283**  0.8967""  0.7405"*  1.0000
FT 0.5242"" 0.4430*" 0.5710"" 0.4670"" (0.4140*~ 1.0000
LT 0.7724**  0.7434**  0.7629"*  0.7382**  0.8247**  0.5070°*  1.0000
WT 0.7858**  0.7472*%  0.7830"*  0.7457**  0.8182**  0.6063"%  0.9928°"  1.0000
No. of Cases 240 Significant: *=0.01, **=0.001
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Table 8. Coefficient of determination per worker employing combination of four variables.

Tre_e Worker No . of m_\\'T =Xk} (k=4
soecles trees DBH.MD DBH.MD DBH.MD DBH LD MD LD
LD.L LD NOB L.NOB L.NOB L.NOB
1 115 0.7638 0.7808 0.7726 0.7812 0.7728
2 115 0.7807 0.7723 0.7852 0.7722 0.7753
Oak 3 115 0.8386 0.8125 0.8446 (0.8406 0.8417
4 115 0.7881 0.8291 0.8289 0.8238 (}.814%
Total 460 0.7722 0.7771 0.7821 0.7811 0.7695
1 93 0.8265 0).8866 0).8852 0.8832 0.8629
2 93 0.8318 0.8839 0.8932 0.8931 0.8956
J.Larch 3 93 0.8677 0.9063 0).8986 0.8993 0.9044
4 93 0.8706 01,8941 0.9056 0.9059 0.9075
Total 374 0.8387 1).8788 0.8847 0.8819 0).8802
1 58 0.7936 0.7941 0.8128 0.8252 0.8269
Red 2 58 0.7438 0.8637 0.8606 0.8621 0.8559
Pine 3 58 0.8308 0.8818 0.8829 0.8744 0.8790
4 58 0.7765 (.8228 0.8051 (1.8263 (}.8264
Total 232 0.7692 (.8189 0.8150 0.8267 (.8216
1 60 0.7818 0.8527 0.8519 0.8500 0.8442
. 2 60 0.8406 0.8674 0.8730 (.8572 0.8570
;‘frf: 3 60 0.6066 .6545 0.6661 0.6758 0.6764
4 60 0.8586 (.8512 0.8680 0.8670 0.8783
Total 240 0.7300 (.7765 0.7852 0.7803 0.7848

DBH-Breast height diameter, MD : Mid-diameter, LD : Large end diameter
L : Log-lenght, NOB : No. of branches

Table 9. Coefficient of determination per worker employing combination of five variables

Tree Worker No of WT=f(Xk) (k=35
species trees DBH. MD. LD. L. NOB
1 115 0.7825
2 115 0.7867
QOak 3 115 (.8459
4 115 0.8292
Total 460 0.7832
1 93 0.8870
2 93 0.8958
J.Larch 3 93 0.9063
4 93 0.9084
Total 374 0.8855
1 58 0.8272
2 58 0.8645
}I:Zde 3 58 0.8850
4 58 0.8271
Total 232 0.8268
1 60 (.8528
_ 2 60 0.8739
Dreh 3 60 0.6764
4 60 0.8794
Total 240 0.7881

DBH : Breast height diameter, MD : Mid-diamether, LD : Large end diameter,
L : Log-length, NOB : No. of branches
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Table 10 Comparison of Rp and MSEp within and among different set of variables.

Regression

: Oak J. Larch Red Pine Pitch Pine
P equation = ~ = s
o W Rp MSEp  Rp MSEp  Rp MSEp  Rp MSEp
y=1(DBH} 0.7518* 153.70  0.8128" 71.97  0.6598 63.34 0.6167 114.94
y=f{(MD; 0.6078  242.87 0.7678 89.26  0.5053 92.11  0.5584  132.42
1 y=1{(LD; 0.6981 186.92  0.7852 82.58  0.6437 65.40 0.6131 115.02
y=1£(L) 0.6318 22798 0.6658 128.48  0.5562 82.63  0.5561  133.09
y=f(NOB} 0.5780  261.29 0.7046  113.57 0.7087* 54.23  0.6695"  99.12
y=f({DBH . MD) 0.75333  153.12  0.8264 66.93  0.6603 63.54 0.6444  107.07
y={(DBH LD) 0.7563  151.25  0.8220 68.63  0.6961 56.82  0.6643 101.10
y={(DBH L) 0.7665  144.92  0.8258 67.24  0.7321 50.10  0.7017 89.82
yv={(DBH NOB) 0.7737"  140.46  0.8703*  50.02 0.8078" 3595 0.7593* 72.49
2 y=tMD LD} 0.7117  178.90  0.8111 72.81  0.6524 65.01  0.6359 109.63
y={MD. L 0.7354" 164.20  0.8054 75.04  0.6923 37.54  0.7001 90.32
y={MD NOB} 0.7104  179.70  0.8516 57.20  0.7823 40.71  0.7525 74.51
y={LD L} 0.7404 161.09  0.8098 73.32  0.7607 44.75  0.6974 91.13
y=[{LD NOB} 0.7412  160.63  0.8561 55.47  0.8046 36.54 0.7576 73.00
v=1{L.NOB) 0.6835  195.27  0.8259 67.14  0.7357 49.43  0.7128 86.49
v=0DBH MD LD} 0.7568  151.25  0.8300 65.70  0.6985 56.63  0.6688  100.16
y={(DBH MD.L) 0.7706  142.68  (.8362 63.32  0.7350 49.78  0.7233 83.66
v={{DBH MD . NOB) 0.7753  139.76  0.8773 47.42  0.8094 35.81  0.7708 69.31
v={{DBH.LD L) 0.7696  143.29  0.8320 64.94  0.7690 43.38  0.7225 83.92
3 v={(DBH.LD NOB} 0.7762  139.17  0.8742 48.82  0.8189*  34.01 0.7700 69.56
v={(DBH L NOB: 0.7789* 137.50  0.8793*  46.66  0.8127 35.19  0.7679 70.20
y={(MD LD L) 0.7554 152.14  (1.8271 66.84  0.7617 44,78 0.7178 35.33
v=0:2MD LD, NOB: 0.7510 154.84  (.8692 50055 0.8081 36.04  0.7714 69.13
v={MD L NOB: 0.7550  152.37  0.8720 49.47  0.7963 38.27  0.7788"  66.90
yv=fLD L. NOB; 0.7578  150.75  0.8716 49.65  0.8184 34.62  0.7704 69.42
v=f{-DBH MD.LD.L 0.7722  141.97  0.8387 62.54  0.7692 43.54  0.7300 81.98
v={DBH MD.LD NOB) 0.7771  138.96  0.8788 46.98  0.8189 34.16  0.7765 67.88
4 v=1{ DBH MD.L NOB} 0.7821* 135.79  (.8847" 4469  0.8150 34.90  0.7852"  65.23
yv={‘DBH.LD L. NOB) 0.7811  136.44  0.8819 45.80  0.8267*  32.89  0.7803 66.71
y={:MD LD L NOB: 0.7695  143.68  0.8802 46.45  0.8216 33.88  0.7848 65.35
5 v={DBH MD LD, L.NOB: . 0.7832  135.40  0.8855 44.49  0.8268 32.83  0.7881 64.64

*Best R by P=1~5

bl x TBR-b2xDBH7l %S o4 4
ol9} o] y=a-blX1+b2X29|
H AAle] A A

1=NOB, X2=DBHelA 53 7

EERE:R

rﬁo
!
i
(%]
2
)
4

(E12).
webdl E122 e frE AW dAwdag
Fabel ehesh Pt

Coopab 3 WT= —36.3565~ 1

del Ae
2145 X NOB+6. 1201 xDBH

LL oi ] 7é! _?.

o WT = 26.8760 -0

1944 x NOB + 4,5680 x DBH

R : Coefficient of determination=r-, 1}

. Residual mean square.

owaAdse AL WI=-24.0078-0
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Table 11. Best regression equation by different Na. of variables.
Tree , . . 1o F 3
species F Regression equation Rp MSEp value level
1 v=f{DBH: 0.7518 153.70 1387.09 0.0000
2 y=f(DBH.NOB} 0.7737 140.36 781.02 0.0000
Oak 3 y=f(DBH.L.NOB) 0.7789 137.50 527.27 0.0000
4 y={(DBH.MD.L NOB) 0.7821 135.79 408.39 0.0000
5 y={{DBH . MD. LD L.NOB) 0.7832 135.40 328.08 0.0000
1 y=f{(DBH) 0.8128 71.97 1606.64 0.0000
2 y=f(DBH.NOB} 0.8703 50.02 1237.51 .0000
~.Larch 3 y=f(DBH.L NOB) 0.8793 46.66 852.68 0.0000
4 y={(DBH MD.L NOB) 0.8847 44.69 704.00 0.0000
5 v=f{(DBH MD.LD L NOB; 0.8855 44.49 566.35 (.0000
1 v=f(NOB) 0.7087 54.23 559.68 0.0000
Red 2 v={(DBH NOB) 0.8078 35.95 481.10 0.0000
Pii]e 3 yv=0((DBH L. NOB} 0.8189 34.01 343.75 .0000
4 y=f(DBH MD L NOB) 0.8267 32.69 270.73 0.0000
5 y=f(DBH.MD LD L. NOB) 0.8268 32.83 215.69 0.0000
1 y=f(DBH) 0.6695 99.12 482.01 0.0000
2 yv=f{DBH.NOB) 0.7593 72.49 360.36 0.0000
Pitch 3 y=f{DBH.L NOB) 0.7788 66.90 276.90 0.0000
Pine 4 y={{DBH.MD.L.NOB) 0.7852 65.23 214.72 0.0000
5 y={(DBH MD LD .L NOB) 0.7881 64.64 174,01 0.0000
Table 12. Best regression equation employing two independent variables.
Tree Regression - MSE ) F p
species P equation Rp MSEp Value Level
Oak 2 y=f(DBH NOB) 0.7737 140.36 781.02 0.000
I.Larch 2 y=1(DBH_NOB) 0.8703 50.02 1237.51 0.000
Red Pine 2 v=f(DBH . NOB) 0.8078 35.95 481.10 0.000
SitCh 2 y={(DBH NOB) 0.7593 72.49 360.36 0.000
ine
woekg 3t gk
Table 13. No. of branches by DBH . 1. 7 Aol #Zwe YololEuss goo)
Tree_ Diameter of Breast Heighticm} R P T R e e S SR ) oA &
species 7 08 9 10 11 12 13 14 15 16 ol el B A=Al S 1 Al Lo
% = B Akz L. Modslel b 7
Oal 1 2 3 5 5 7 9 9 10 13 0‘] CHW?_P T 4 ¥Rl mHrUT B]‘. o /]°'“
J Larch 6 10 11 17 23 25 28 33 36 45 A s asimAdstel del 7 teiglol Al eixl
Red Pine 14 24 25 32 34 36 d5e) Wazde daeadate BAF 43
Pitch Pine 14 18 24 30 35 39 o] ¢lol Deigwiz Eol zAele zlolaly
=4
% = 2.4 F %o Y4Ed el 4z dua
AE rrisha nEe fofde] A= e, &
2 dFel s 58] 7y Hslold a4l G- A 2 WTh-& F 227 (DBH) 2t A # 7}
7 o gel Hazdstel AL FHEessy 4 (NOB' 2 #5 7pa 24 gaks woln o
oo 2 olodoliel ol FE L LAEE 2k Sofl gAY AN AAAFoL A FA el
NaAELE AEAuazg sbe, 2 AxE ackst oh
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Table 14. Working time table by DBH.

MORFZ AR 7o) BRREI%

Sample Tree DBH

] 7 5 16
Plots Species {cm} 8 9 10 1 12 13 4 15
NOB 1 2 3 5 5 7 9 10 13
Yang Oak WT {sec: 8 15 22 30 37 46 35 60 68 77
San HTi66%: ) 10 15 20 24 30 36 40 45 51
TTsec) 13 25 37 50 61 76 91 100 113 128
NOB 6 10 11 17 23 25 28 33 36 45
Bong J.Larch WTisec; 8 15 20 27 35 41 46 54 60 68
dy.
Pyung HT:74%) 6 11 15 20 26 30 34 40 44 50
TT (sec: 14 26 35 47 61 71 30 94 104 118
NOB 14 24 25 32 34 39
Bone Red WTisec) 14 25 30 39 44 49
rung me yTs% o8 14 1w 22 24 27
TTisec: 22 39 47 61 68 76
NOB 14 18 24 30 35 39
Jinan Pitch WTisec) 13 21 30 39 47 35
Pine  HT 529 7 11 16 20 24 29
TT (seci 20 32 46 59 71 84
TT : Total working time{sec.) =WT -+ HT
A3 Ay g AbEslr] fiste] Haaty 4k 7e =] dAR Q5o F1Hd lemF
AW 7b bk A7 & 2z 7 (DBH) # Flubeh 11~1322 #HAZ F7HE HolFa 9
AA7H4INOB o) 294 g4 4% Frakde o
s, oivlel A el ol W S (Rp o
WA AT (MSED) & vlmstel 7bd 5& Rp 51 @ x M
5 ghwes ool MSEphg 4t HAsAwA
Al pZ2w g o g3l 7hel YElyoh 1. Barnes, R. 1980. Motion and Time Study-
coabbE Zbw alole) A9 WT=—-136.3565+ 1 Design  and Measurement of Work, John
9145% NOB - 61201 x DBH Wiley & Sons Inc. p.258-286.

curel4 7hy zkol o) o WT=—26.87600. 2. Eisenhauer, G. 1957. Die Arbeit mit Einmann-
4944 NOB + 45680 x DBH sage,  arbeitsphysiologische  Untersuchungen

cAL gpwaalel He WT=—24.0078-0. iiber Stellung, technik und Tempo, insbeson-
7564 X NOB + 38618 x DBH iere mit der Biigelsage, Diss. Han. Munden.

>.3-20.

o 7)ol zhdatele] A9 WT=-28.3325-0. .

3. . 1977. Arbeitswissenschaft und Me-
7662 x NOB+4.4177xDBH — ] .
4 xx <ozt DBHs NOB 2w+ N chanisterung, Forstarchiv 48. 5.89.

g MR H7F 323 . . . -
. T T2 2 IT l 4. Héaberle, S. 1968. Die Struktur des Einheit-
d WT=A~+ + 9] Alo| Frx _ )

2 W A+blxNOB +b2xDBHS] 4je] 5 I shauerlohntarifes (EHT) im Lichte des Stick-
o3
A masse-Gesetzes., Allg. Forstzeitschr, 23, S.

4. #FHE zhdageolde g 7k (Hang 832-834.

-up time) & AbE3E wh A Al #A]IA b o 8o 5. 1975. Der HET und die Linksseitige
Bt 66%. S bdAsdelA 74%, dE Logarithmierung werirrt wo ? Forstarchiv 46,
55%, #17ivh s b Eiol 4] 51% % JhEbu S .241-247.

. 6. . 1984, Standardisierung zweidimen-
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