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Abstract: The purpose of study was to broaden our knowledge on the productivity and cost of thinning operations
which has become increasingly practiced in Korea. The thinning operations were conducted in a 40-year old larch
(Larix leptolepis) stand, including chainsaw felling and processing at the stump, followed by yarding tree-length
logs using a Koller K301-4 tower yarder. The logs were further processed and sorted into 1.8 m and 3.6 m log
piles at the landing. We used a standard time study method to evaluate key variables that affect the productivity
of thinning operations. The total stump-to-pile operational cost was 41,707 won/m>. The highest cost activity was
the yarding phase which cost 20,083 won/m’ (48.2% of the total cost), followed by the costs of processing tree-
length materials into marketable log lengths (12,143 won/m?; 29.1%), and then by the costs of sorting/piling the
processed logs (5,039 won/m’; 12.1%). It was interesting to see that felling and processing trees at the stump had
low costs at 1,315 won/m® (3.2%) and 3,127 won/m’ (7.5%), respectively. We used the detailed time study data to
develop regression equations which were to predict yarding productivity. Our analysis showed that harvesting
system cost was highly sensitive to the number of logs, yarding distance and lateral distance per turn, respectively.

Key words: skyline thinning, harvesting system productivity and cost, yarding distance, the number of logs in yarding
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Figure 1. Schematic of the harvesting system.

Table 1. Stand description in the study.

Classification Contents
Area(ha) 29

Type Coniferous forest
Species Larix leptolepis
Age IB

Average slope (dgree) 18

Average height (m) 16/10~21
Average DHB (cm) 24/12~38
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Table 2. Cost factors and assumptions used for machine rate calculations.

Harvesting system

Cost factor Unit

Felling Delimbing Yarding Processing Sorting/piling
Purchase price won 1,250,000 770,000 300,000,000 300,000,000 52,000,000
Economic lives years 1 1 6 4 4
Salvage value % 0 0 10 10 20
Scheduled operating time hr/year 2,083 2,095 1,680 2,000 1600
Annual interest rate % 17 17 17 17 17
Repair and maintenance % 120 120 100 110 100
Oil price won/L 1,900 1,900 1,699 1,699 1,699
Coefficient of lubricant % 67 67 40 40 40
Fuel consumption L/hr 1 1 7 14 6
Daily wage of operator won/day 105,911 105,911 97,951 97,951 97,951
Daily wage of ground crew won/day 81,443
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Table 3. Average cycle time in felling. (unit : sec.)
Classification Average (n=317)  Standard deviation
Moving 29 19.58

Clear felling area 4 8.98
Felling 22 7.58

Delay 21 114.25

PMH* 55 23.89

SMHP 76 174.58

a : Productive machine hour, b : Scheduled machine hour

5

2
(!
N

B>

Fo

i,

Q

H

-

ol

o

offt

>,

i

o

ot

M

3

BN

uE

N
-

o
ol M
W

§

i or
o,

A7 ZHA B
AlZbo] H4 4x0
3] AEA 9] PR AN TS H 21 %,

EZAAAIZHPMH) S Het 55224, AAE =2 A]
(SMH)2 4 7622 AFEE o], 7170|882 F 72%
t}. ool HFYPEA o] 0.32 mPo] 2L A7+ oF 478
PES HEst Al AP 14.92 m’
ZH Atk 2 Arde] Ay AL Han e
(2009)8] A ZHH AR | A ZAAL 24°, DAY
7ro] Bt 46322 A=A A2 4.83 mY/hrE T 3
Al Uebstt, ol ZrgA ] AL £ A A
o] zpol7} WA ko] 2 JIS FE oz A

FH

oo, J:E
ol y

\‘_-EH'T

o N g

H
o > 2 o Lo

N

L

¢

b

2) AAu)E 24

W= 2 H]-8-2 Table 49F o] 7]1AH]-8-(19,631% /hr)
I QA (14.92 mP/hr)yS o] &-ato] MEarglo] glo
Ae] ZAn|e-e 13169/m’]t} o] A= YiE IVEH
7rd =) o] W2 H)E 54779 /m’(Han, 2008)H.th= B
2 AQQu| 807 Yepom, o] 21 JAGA A%,
% 58 FA3A N 12 QB F 2] zolof o] E

AT B WEAY YAl e AYr O o7

Table 4. Felling cost in this study.

Machine utilization (%) 72
Fixed costs Depreciation cost 600
(won/hr) Interest, Insurance and Tax 102
o . Fuel cost 1,976
perating costs
(won/hr) Lube.cost ' 1,317
Repair and Maintenance cost 996
Lab ) Labor cost 13,239
abor costs
(won/hr) Benefit cost 1,311
Insurance cost 1,280
Total machine costs (won/hr) 19,631
Hourly productivity (m’/hr) 14.92
Delimbing cost (won/m®) 1,316

Table 5. Regression models to estimate the average cycle
time(sec.) in felling.

Classification =~ Regression equations n R*>  p-value
time(sec)=29.21 <0.0001

. +3.51xDUV1* 0.2120
Felling 556UV 21042 g 001
+3.70xMD" <0.0001

a: Dummy variable based on density of understory vegetation (DUV)
and utility of the chainsaw; 1) N. understory vegetation as the
obstacle of moving operator (0,0); 2) understory vegetation as the
obstacle of moving operator but N. chainsaw (1,0); 3) understory
vegetation as the obstacle of moving operator and chainsaw (0,1)
b : Moving distance

Table 6. Validation result of the regression equation using the
test data in felling.

n D Sﬁ t
Felling 106 -0.622 2.027 -0.307 0.760
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Table 7. Final regression models to estimate the average
cycle time(sec.) in felling.

Classification Regression equations n R? p-value
time(sec)=27.23 <0.0001

. +4.85xDUVI* 0.0290
Felling 2445puv2e ST 04 0001
+3.88xMD" <0.0001

a : Dummy variable based on density of understory vegetation (DUV)
and utility of the chainsaw; 1) N. understory vegetation as the
obstacle of moving operator (0,0); 2) understory vegetation as the
obstacle of moving operator but N. chainsaw (1,0); 3) understory
vegetation as the obstacle of moving operator and chainsaw (0,1)
b: Moving distance



SHE 2PEA oM 7R 25 o] A}u]- 4 225

Table 8. Average cycle time in delimbing. (Unit : sec.) Table 10. Regression models to estimate the average cycle
Standard time(sec.) in Delimbing.
Classification  Average Min Max deviation Classification Regression equations n R? p-value
Moving 26 3 300 36.00 time(sec)=79.96 <0.0001
Delimbing 108 14 297 50.72 Delimbing +65.34xTO* 93 0.57  <0.0001
b

Delay 53 0 826 145.17 +4.54xMD <0.0001
PMH? 134 17 597 61.64 a : if trees felled are overlapped “1” and if not overlapped “0”, b :
SMHP 187 17 1423 166.51 Moving distance between felled

a : Productive machine hour, b : Scheduled machine hour

Table 9. Delimbing cost in this study.

Machine utilization(%) 72
Fixed costs Depreciation cost 368
(won/hr) Interest, Insurance and Tax 62
o . Fuel cost 1,976
perating costs
(won/hr) Lube.cost . 1,317
Repair and Maintenance cost 616
Labor cost 13,239
Labor costs Benefit cost 1,311
(won/hr)
Insurance cost 1,280
Total machine costs (won/hr) 19,058
Hourly productivity (m’/hr) 6.09
Delimbing cost (won/m®) 3,131
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Table 11. Validation result of the regression equation using the
test data in Delimbing.

n D S5 t
Delimbing 47 -4.629 5.952 -0.778 0.441

Prob>{t|

Table 12. Final regression models to estimate the average cycle
time(sec.) in Delimbing.

Classification ~Regression equations  n R*  p-viaue
time(sec)=75.72 <0.0001
Delimbing +70.51xTFO* 140  0.55 <0.0001
+5.24xMD? <0.0001

“1”

a : if trees felled are overlapped and if not overlapped “0”, b :
Moving distance between felled trees
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Table 13. Average cycle time in yarding. (unit : sec.)
Classification Average Min Max ?ar}da_]rd
eviation
Carriage out 46 8 130 25.83
Lateral wire traction 101 6 265 48.26
Choking 102 4 280 66.93
Lateral yarding 63 7 322 46.98
Yarding 40 16 110 18.29
Unhooking 61 20 158 27.15
Delay 180 0 6,300 163.01
PMH* 413 166 765 144.75
SMH® 593 166 1,602 163.21

a : Productive machine hour, b : Scheduled machine hour
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Table 14. Yarding cost in this study.

Machine utilization(%) 89

Fixed costs Depreciation cost 26,786

(won/hr) Interest, Insurance and Tax 18,973

) Fuel cost 11,820

Operating costs Lube cost 4,728
(won/hr) . .

Repair and Maintenance cost 29,808

Labor cost 42,785

Labor costs Benefit cost 4,236

(won/hr)

Insurance cost 4,138

Total machine costs (won/hr) 138,573

Hourly productivity (m’/hr) 6.90

Yarding cost (won/m?) 20,083
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Table 15. Regression models to estimate the average cycle
time(sec.) in yarding.

Classification Regression equations n R? p-value
time(sec)=45.87 0.2410

. +10.68xLD* <0.0001
Yarding +130xYD? 60066 50001
+33.83xNT* <0.0001

a: Lateral distance, b : Yarding distance, ¢ : Number of trees

Table 16. Validation result of the regression equation using the
test data in yarding.

n D Sﬁ t
Yarding 31 8.025 15420  0.520 0.607

Prob>{t]

Table 17. Final regression models to estimate the average cycle
time(sec.) in yarding.

Classification  Regression equations n R? p-value
time(sec)=42.92 0.1550

. +9.89xLD* <0.0001
Yarding +138xYD" o1 068 50001
+39.19xNT* <0.0001

a: Lateral distance, b : Yarding distance, ¢ : Number of trees
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Table 18. Sensitivity analysis by lateral distance.

A 25l o] 2Fu]g- A 227

Lateral distance Productivity Yarding cost Harvesting cost Increase or decrease  Percentage of increase or
(m) (m*/hr) (won/m®) (won/m®) (won/m®) decrease (%)

0 134 10,335 31,955 standard 0.0

5 11.6 11,988 33,608 1,653 52

10 10.2 13,641 35,261 3,306 10.3

15 9.1 15,295 36,915 4,959 15.5

20 8.2 16,948 38,568 6,612 20.7

25 7.5 18,601 40,221 8,265 25.9

30 6.8 20,254 41,874 9,918 31.0

Table 19. Sensitivity analysis by yarding distance.

Yarding distance Productivity Yarding cost Harvesting cost Increase or decrease ~ Percentage of increase or
(m) (m*/hr) (won/m°) (won/m®) (won/m®) decrease (%)
0 14.5 9,590 31,210 standard 0.0

20 13.2 10,512 32,132 923 3.0

40 12.1 11,435 33,055 1,845 5.9

60 11.2 12,357 33,977 2,768 8.9

80 10.4 13,280 34,900 3,691 11.8

100 9.8 14,203 35,823 4,613 14.8

120 9.2 15,125 36,745 5,536 17.7

140 8.6 16,048 37,668 6,459 20.7

160 8.2 16,971 38,591 7,381 23.7

180 7.7 17,893 39,513 8,304 26.6

200 7.4 18,816 40,436 9,226 29.6

Table 20. Sensitivity analysis by number of tree.

Number of tree Productivity Yarding cost Harvesting cost Increase or decrease ~ Percentage of increase or
(m) (m*/hr) (won/m®) (won/m’) (won/m?) decrease (%)

1 3.7 37,323 58,943 standard 0.0

2 6.6 21,020 42,640 -16,303 -27.7

3 8.9 15,585 37,205 -21,738 -36.9

4 10.8 12,868 34,488 -24,455 -41.5

5 12.3 11,238 32,858 -26,085 -443

6 13.7 10,151 31,771 27,172 -46.1

7 14.8 9,374 30,994 -27,949 -47.4
(YD)=507 m, AARFNDD 6202 TRAA RAR FHACR FRASTAA oF 50%2 7Y

ZAIR= Table 182 2ot 7E2 A AR 0 mE 71F
o, 5 m G=E FIA -] v FHEL oF 52%H
TR A= FIVetal Ut
T3 Table 199} o] A=A Al e] Wzl e +
SA|2EH)E S-S AR 7] Yste] HartER A A
Z(YD)=104 m, BAZHAEFND)=3.6202 7463
A, AIZRHAAR 0 mE 71FSRE ko] 20 m @919 F
A AEH] & B:]:éj_‘:_ ok 3.0%= =7}s e}
AAEe] Wstol| mE FIA2HEE FE F4
el B 2R A A (YD)=10.4 m, BHHZHA 7
(YD)=90.7 mZ FA 3} JA LGV} B2 58
& SHES] L2 FopA= A= Yeion, A&
T 4~530 A F3F o] WA = ATH Table 20).

¢

Z]

H]

=
AR 3hs DAL e AP G BHANE 4
A7} 3 2] ol 7H 2 G AL, Al

T o

HAAR, 7= A AR o2 ol 2 A= vehsit)

4. =XY=Re
1) 2L w4
ZA)AG ol A= Table 212+ 722o] 18] Ha 2AZYG A

7ro] oF 89% 7} AQ FE Ao = Yehgt) o] & §1HA]

7o) it oF 5122 7P Be A7 AA AL ©F

Bt of 39%o0|t}h

AUE 18-S 2A] st 5 2 AAA AR

d4H o2 oF 152901 FFAJAIZHPMH)S 89X,
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Table 21. Average cycle time in processing. (unit : sec.) Table 23. Sorting/piling cost in this study.
- TP
Classification Average Min Max g;a?:t?;i Machine utilization(%) 5
: v Fixed costs Depreciation cost 6,500
Moving 39 19 140 12.91 (won’hr) Interest, Insurance and Tax 3,868
Processing 51 15 116 15.91 Fuel cost 11330
Delay 15 0 2,737 160.58 Operating costs Lube cost 4’532
2 on/hr >
PMH 89 34 228 22.99 (w ) Repair and Maintenance cost 8,667
SMH" 105 34 2,783 277.03
- - - Labor cost 12,244
a : Productive machine hour, b : Scheduled machine hour Labor costs Benefit cost 1212
(won/hr) ’
Table 22. Processing cost in this study. Insurance cost 1,184
Machine utilization(%) 20 Total machine c'o?ts (W(;n/hr) 43,403
— Hourly productivity (m’/hr) 8.62
Fixed costs Depreciation cost 33,750 Processing cost (won/m’) 5,035
(won/hr) Interest, Insurance and Tax 16,894
. Fuel cost 23,640
(O\f]);r;}tllrl;g COSIS | ube cost 9,456 2) ZrgH| g 4
Repair and Maintenance cost 41,314 AAZAGH] LS Table 237 o] FAH| L, L8H]L
Lab . Labor cost 12,244 HH]R =2 0] 835l 7]AH]&o] A7 oF 43,4039
abor costs
(wonh) Beneit cos L1200 ramolnk mebd /AN A PAYL 0§ I
Insurance cost 1,184 A2IH] 8o 50359 /mPo 2 Lebs)
I, o/m—= .
Total machine costs (won/hr) 132,149 o ° *
Hourly productivity (m’/hr) 10.88
Processing cost (won/m®) 12,143 72:’ %

85%°]tt. olo] HFFAdEA o] 032 mPolaL, AlZHE oF
340] JES zAst] 10.88 m¥hre] Aol LRt
t}. o] Axls 712 A7+ A3 (Lee, 2012)0014 SHH2~EH S
o] &5 g7ttt VaF JNE 9 HEHA ] Z2AY &
o] A2 3.40 mYhrR T} =& A o] Vet 2
2] HaLEAH o] 035 m/AEOZ VS|, HdR
ARG 7F] 52922 B ALAETE 0 A7F AQ
H} o)= Uedd B} 27| thihuie] 9#o] o) v}
A7F F2 B BAR B AFAaE) 2224 7o)
o A0W Ao wokdET)

2) ZgHE 4

ZA) 28] 8-& Table 229} 7o) w1 gu|-&, -8H] &,
eHHE g o]gate] Z|AMEo] AIZHE Qk 132,149%)
28 H Aok wEkA 71AMEF AP S o] &5 =
ANZAEE-L 12,1439 /m* .2 YERT)

k

5. xII-IIFCg

1) FAAAHE 24

A YL 32 7HES T F 6558 X_ﬁﬂ%‘
o, 62H(1.8 m) 599 122}(3.6 m) 56% o7 3
AheFe 34.48 mio|tt. 7174101%%3 2 AR A A A %
@4 el 75%5 483t 8.62 m'/hre] A

r°*'o= fo

A

-~

¢

2 AFelA = EFloFH (Koller K301-4)E ©]-8-3F A7k
T 2E 0] 2P B s 8-S B, A8
AR FHA2HS o Sskaat st FiE 2
o] A =g o] AL 14.92 m/hr, 744 2]
29 6.09 m¥hr, FAZA 6.90 m¥hr, A2 10.88
m’/hr, A A 8.62 m/hrS 2 YERST), A 2~ H] &
S B9 AA 41,7079 02 HEFgHE 13159/m’
(3:2%), 7HA 22L& 3,1279/m’(7.5%), A 2HG ]
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