
Mult:ple regressions were also run on the data, with round trip time as the depend
ent variable and various combinations of distance, number of pieces. vol ume per piece 
and volume pel' turn as the i .,dependent variables. The equations are of the form: 

Y = b
o 

.. blXl + bZX2 .. b3X3 + b4X ... 

The results are summarized in �t�~�b�l�e� 7. Al l regressions arC' significant at the 0.05 
probability level. 

Table 7. --Multiple regression intercBpte, coefficients, HZ and F-statistic 

for skidding prod=tu",!/ 

bo bl bz b3 b. RZ 

IntercBpt Distance No. �P�~ �.� Pc Vol Turn Vol 

SKIDDER 

4.08 0.02 0.61 0.32 54.0-
�-�1�3�.�~�5� . 02 .45 4.33 .40 49. 3-

3.82 .02 0.14 .37 66.2-

HORSE 

4. 19 .02 .16 .29 20.1-
2 . 57 .02 .14 .33 .31 14.4-
4.03 .02 .04 .30 21.6-

TRACTOR 

.41 .03 1.2 .70 78.8-
31. 97 . 03 1.2 -6.84 .71 54.9-

.53 .03 .26 .68 72.8-

Y Subscripts refer to following variables : 
0 intercept 
I distance 
2 nwnber of pieces per turn 
3 volume per piece 
4 vol UJDe per turn 

I nd i cates signi ficance at 0.05 probabil ity level 

USing �~� as .:l �l�U�C�a �~ �U�T�e� of Teliability. table 7 suggests: 

1. multipl e regression does not improve the reliability of prediction e(luations; 

2. although the reliability of the prediction equation for the rubber-tired 
skidder and horse is quite low, it is high for the tractor skidder. 
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T3ble 8 . --Avemge times for togging tasks and character of avercge turn 
(TOT - total operating time) (RTT - Round tl"ip time) 

Skidding Method 
Skidder Horse Tractor 

Min- \ of \ of Min- \ of \ of m n- , of \ of 
!:iement (task) utes TOT RTT utes TOT RTT ates TOT RTT 

Time out 2.8 14.0 15.8 1.5 18. 1 18.1 3.3 12.4 14.7 
Time in 2.5 12. 5 14.1 1.8 2'.7 21.7 3. 4 12.8 15 . 1 
Hook time 7.2 36. I 4C.7 2.0 24 .1 24.1 7.8 29.3 34.7 
Bunch time 3.3 16.5 18.6 2.6 31.3 31.3 5.6 :n.l 24.9 
Unhook time 1.9 9.5 10. 7 .4 4.8 4.8 2.4 9.0 10. 7 

Round-triI! time li.7 8.3 22 . 5 
Landing time 2.0 10.0 .0 .0 3.7 13.9 

Total 
QEerat ing t i'llle 20.0 8.3 26.6 

Turn character 

No pc/turn 11.5 3.7 12. 1 
Oist. (ft ) 254.0 164.0 260.0 
Slope ( \) 19.0 22.0 21.0 

Pro..:uct ion 

Pc/8 h 168.0 125.0 112. 0 
VOI/8h-ft 1 795.0 621.0 505.0 

Table 8 presents the average tilllt:s for separat e logging tasks and character of the 
average turn f o:- �d�i�f�f �~ �r�e�n�t� skidding methods. The effect of labor can be estimated by 
comparing the labor-intensive ta5ks--hook time and unl":ook time. Because bunching time 
i ,., pcu· t ur the hooking process for horse skidding, it is �n�e�c�e�~�s�a�r �y� to include bunching 
for the skidder and tractor skidding for comparative purposes. The percent of r.ound 
trip time, which excludes landing time, was: 

liook time 
Bunch time 
Unhook time 

Total 

Skidde1' Horse Tractar 
-------- (Percen ti --------
40.7 24.1 34.7 
18.6 31. 3 24.9 
10.7 4 . 8 10.7 

""'liJ.O b0.2 ""71r.T 

The total percentage of round trip time was as expected. That is, horse skidding 
ought to be lower than for the other skidd �b�~� l:'Iethods. The average number of pieces per 
turn explains this--3.7 for pieces horse skiddiu!!. . 11 . 5 pieces for the skidder, and 
12. 1 pieces for the tractor. 

Tabl e 9 shows a production co:nparison on :m 8-hour shift basis. Bc..;ause the 5hift 
hours were not the same fo r all �t�h�r�~�e� skidding methods, tht" gross shift production 1S 

presented on an assumed H-hour shi ft. Because horse skid .. dng had no lanlling time, this 
will tend to distort horse �~�k�i�d�d�i�l�l�g� production time. This distortion is eliminated by 
includi ng the column headed "\ 'Ji " RTI", which is percent of round trip time, excluding 
l anding time. for all three skidding methods. 
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Item 

Resi .1ue vol./acr e-ft3 

Product vol. /acr e - f t 3 

Pos t ma t erial- \ tota l 
product vol. 

~n-days/acre 
\ of skidder 

No . pcs/S h day 
% o f s kidder 

Vo l. /8 h day-Ce nit 
~ of skidder 

Skidd ing Cost/cunit-$ 
\ of skidder 

Tabl e 9. --Pl'Oduction sunrnary 

Skidding Method 
Skidder Hor se 

9n8 1, 487 
1 ,1 25 726 

66 71 

6 . 8 9 .7 
100 143 
168 125 
100 74 

7.95 6.21 
100 78 

10 . 18 12.48 
100 123 

CONCLUSIONS 

Residue Reduction 

Tractor 

1,103 
757 

75 

6.9 
101 
112 

67 
5 .05 

64 
15 .70 

154 

Table 9 summarizes the st udy data . Although the top of table 9 is r e lated to 
utilization s tandards rather than sk idding methods, it s hows the res idue volumes that 
resulte~. Assuming that the post materia l would probably be logging slash on a 
conventIonal harvest, at least 66 percent of the total product s removed From the area 
would have been s lash. Or , through incr eased utili zation the logging residues were 
reduced to one-third or one-ha lf times what might have been left. Logging residues 
have been reduced further because of the treetops hauled from the loggin g site much of 
which becaoe ya rd residues. Tab les 2 and 4 show: ' 

Initial Volume 
Standing 
Do"", 

15,674 
21,080 

36,754 (tab l e 2) 

Volume removed 20 ,8~ 3 (tab l e 4) 
Products 12 , 208 
Yard residue 8 , 675 

'Ihe additional 8,675 ft 3 of material removed that was un su ited for solid wood products 
repre~ents 24 pe:-cent of the total initial volume or 42 percent of the total mater i al 
relDOved. The value of this material depends upon local markets . At the time ". the 
s tudy the post l1Iarket was very good. Some of t he uterial classed as unusabl e .... as 
used for sma~l, elect:ic-wire fenceposts and small , c lass 5 fenceposts . A large part 
of the materJal was dlsposed of a s free firewood . During periods of tight chip 
suppl ies, the mater ia l could be chipped . 
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Effect of Skidding Variables 

Based on the b
1 

coefficient listed i n table 6~ the fo llowing observations can be 
s t a tt:d : 

1. The rubber-tired s kidder was underutilized . That is, the b 1 coefficient is the 
same for both direct ions of trave l, emptied out and loaded in. Also, the number of pieces 
per turn had l ess effect on travel time in for the skidder than for either of the other 
two skidding methods. The average nwnber of pieces per turn for t he skidder was 3 times 
more than for the hor se and almost equal to t.he number for tractor skidding. 

2. The horse was ut ilized well because of the difference in b l coe fficient for 
time out (0.1 min) ver sus time in (0.6 mj- ), per hundred feet of ~kidding distance . 

There was no appreciable differ ence for steepness of skidding, except the upper portion 
o f unit 3, t o permit any comparison of grade effect on s kid time . 

Capital Investment and Production Efficiency 

An iMportant part of thi s study was to Iletermine the capital investment l evels to 
achieve differ ent production l eve l s. A:;. i ~ t iJrned out, there were only two different 
l eve l s of investment. Production level~, as measured by number of pieces skidded per 
day or c ubic volume s kidded per day, varied considerably. Table 10 is derived from 
tab l e 8 a nd cos t determination s i n the appendix . 

No. 

Table 10 s hows: 

For horse skiddi ng~ 
60 percent of inve s tment fo r skidde r will produce 
74 percent as many pieces per day or 
78 percent of the dai l y vo l~e for the skidder . 

For the sma ll farm tractor . 
60 per cent of inve s tment for skidder will produce 
67 per cent as many piC'ces per day, or 
64 per cent of the dai l y volume for the s!ddder . 

Tab l e 10 . - -Production and capital investment comparisons 

~te thod 

Skidder Horse Tractor 

pjeces/day 168 125 112 
\ of skidder 100 74 67 

Cub ic feet/da y 795 b21 505 
\ of skidder 100 78 64 

Inves tment (do llars) ], ~OO 1,:;00 1 ,500 
\ of s ki dder 100 60 60 
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It is apparent that : bas ed on this C8 ~e study. the capital invested for skidding horses 
is more efficient than either of the other two skidding methods . Also, on a cost per 
cubic volume skidded, the horse is more efficient than the farm tractor . AU"hough i t 
i s beyond the scope of this study , alternative uses for the tractor could very well 
make it the better choice. 

Land Management Implications 

... Logging slash can be reduced consl.derably through logging procedures and 
utilization standards that require removal of small roundwood products. In fact, the 
s lash disposal costs were mlnimal. Pile-and-burn along the road was the onl y s lash 
abatement work done. 

2. For processing plants where this material can be used for pulp chips and fuel , 
the yard residues can be utilized by machine-debarking the ("~ips. Further studies on 
utilization t:conomics of thjs material are needed to more fully eva .. oJate the impact on 
land management possibil ities. 

3. An economical system for operating in this type of stand--stagnant growi ng 
stock s ite--would certainly help to get similar stands under management. The Rocky 
Moun 10.1 in area has con s iderable acreage in this condition. 

Product Reoovered 

The product recovered is greatly dependent upon the piece diameter and length . 
Bucking out rot reduced product options and values. 

Slas h volume studies in Engelmann spruce stands show a 50 pe"'cent product recovery 
in saw log operations. This is in higher value material with normal u·. ilization s tand
ards. Hence. it is apparent that a recovery of 12,208 ft 3 , or 33 per.:ent of tot a l 
initial volume. is a r easonably good recovery in thp-se s tands percf":i..ved to be mar~inally 
i noperabl e. when considering the yard residues, the total vo lume removed. 20.883 ft3• 
amount s t o 57 percent uf the initial volume. 
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APPENDIX 
Operating Costs 

The append ix "' haws how operat i ng cos t s were determined . The machine cost s have 
been based on values of used machines, whilp the horses were considered as young horses. 

The machines are sma ll er than might normall y be available . Also, these mac hines, 
while do i ng thr JOt'l efficiently, were we ll pas t their normall y depreciable life span . 
Their replacement cost would certa inl y be much higher than the 1 is ted purchase price . 
Yet. it i s unlikel y that a new machine would WI.! used on thi s type of lOggl llg ..: hance . 
Henc e . the t isted purchase pr ic e re l a t es t o the marke t values o f the mac hines when the 
s tudy was undertaker . . 

The hor se s were priced at thei r cu rrent age va lue. It is assumed that this sort 
o f wor k would be 1 imi t ed to mature, v igorous ar·ima l s that br ing high prices. 

SKIDDER OPERATING COST 
Model 15 Garrett Tree Farmer (1965) 

Pu rchase Price $2 . 500 

Use ful Li fe 5 y~ars 

Deprecia t ion SSOO/ yr with zero re sa l e. 
S55. 56/1'IOnth @ 9 month/yr 
S2.65/day @ 21 days /mont h 

Int eTes t , Insurance , and Tax = 10\ AAI 

SI, 250 x 10\ • $125.00 70~/day 

Ti res' S500/year • 265/day 

Maint enanc e . Repair ' S550/ycar • $2.91/day 

Ope r a t or ~ 8.00/hour • Sn .OO/day 

Total Dai Iy Cos t 

19 

S2.65 

. 70 

2. 65 

2.91 

72 . 00 

$80.91 

HORSE OPERATING COST 

Purchase price $750/horse, $1,500 . 00 

Us eful Life 4 year s 

Depreciation' $375/yr = $1.98/day 

Upkeep I horse 

426/6 month I(orking 
180/6 month nonwork 

$606/yr 
$3 .2 1/day 

Shoes = $96/yr - 51~/day 
Harness = $250/yr = $1. 32/day 
Vet Service = $l5a/yr or $200/2 

Tax. Interest. Insurance = AAI x 10\ 

$740 x 10\ = 40~ 

Teams t er $8. OO/hr 

horses 

Total Daily Cost 

John Deere 420- 23.5 hp 1956 
$ 1, 500 resale value 

Useful 1 i fe 5 years. 

TRACTOR OPERATING COST 

Depreciation $300/yr ' $1.59/d~y 

Interest. Insurance, and Tax MI x 10\ 

$7 50 x 10\ • $75.00 

Maintenance & Repair 

$600/yr 
fuel 

Total Dail y Cost 

20 

$1. 98 

6 . 42 
1.02 
2.64 
1. 06 

. 40 

64.00 

$77 .52 

$ 1. 59 

. 40 

3 . 17 
2. 10 

72 . 00 

$79 . 26 
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