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Summary 
Replicate 4-acre plots were harvested by conventional (chainsaw + skidder) and mechanized (small tracked skidsteer + feller-buncher and harvester + forwarder) logging equipment.  The study site was an overstocked 70-year old upland oak forest on slopes averaging 30% in southeastern Missouri.  The heavy thinning prescribed by a crop tree management approach removed an average of 40 t/ac of pole wood and saw logs and resembled a shelterwood cut, leaving an average saw log volume of 3,600 bf/ac.  The harvester/forwarder was the most productive (t/production hour), and the small feller-buncher the least, being the only system whose machine production cost exceeded revenue.  Production costs (excluding mobilization, overhead, and profit) of the conventional and harvester/forwarder systems were not significantly different, but the latter’s lowest cost was 14% less than that of the conventional system.  The frequency of residual trees experiencing substantial bole damage was not significantly different among logging technologies, but the harvester/forwarder did have a higher incidence of substantial crown damage.  The area of exposed soil did not differ significantly among systems, and biologically significant soil compaction was rare.  

Background


Casual management of Ozark forests on private land is largely based on the wrong notion that a tree’s size reflects its age.  Thus, diameter-limit cuts are supposed to rejuvenate the forest by making room for the supposedly younger (smaller) trees as the largest (best) trees are selected for harvest.  In fact, most of the trees in a typical Ozark forest are of the same age, and tree size likely reflects crown position.  A tree is smaller because its crown has been shaded, and such trees usually cannot grow much larger, even if their crowns are released.

The unavoidable consequence of a high-grading harvest is to degrade the stand left behind.  This has been going on for a century in Ozark forests, and it isn’t good for the forest, the landowner, or the forest industry.  An alternative approach, crop tree management, leaves the best trees and opens their crowns so they can grow better.  Instead of growing a lot of small trees, the idea is to grow fewer, but higher value trees.  Such trees are also more resistant to drought, disease, and insect attack, and they produce more seed for wildlife.

The low grading or thinning from below that occurs with crop tree management requires removal of pole-sized trees, which currently have little commercial value in the Ozarks.  Presently, the only market for such trees is as pulp wood, and transportation costs and low mill density limit the availability of this market.  One way to make crop tree management economically feasible is to combine saw log with pole wood harvests, using the profit from the former to offset the cost or low profit of the latter.

It is much easier to convince landowners of this approach than to ask them to wait 20-40 years to make any money from a pure pole wood removal.  It is also more efficient to combine the pole and saw log harvests to reduce the number of required entries and to ensure complete stand treatment.

To encourage the thinning necessary to increase and maintain forest health and productivity, we must reduce the cost of such operations and increase the value of harvested product.  We must also identify logging technologies that do not significantly harm the crop trees, directly or otherwise.  Our study addressed the first and last issues.

Extraction by skidder of timber felled by chainsaw is the conventional technology employed in the Missouri Ozarks, and thinning operations generate smaller merchantable timber volumes than a commercial harvest.  This raises the question of whether a conventional logging system can economically thin hardwood forests.  

The larger payload and longer reach of a forwarder compared with a skidder means fewer trips from woods to deck, and thus increased efficiency and decreased rutting and soil compaction.  Mechanized (feller-buncher) harvesting has one-third the injury rate of chainsaw felling, which makes it attractive from the standpoint of operator safety and reduced insurance rates.  Strong opinions have been expressed on both sides of the question of whether mechanized logging equipment could handle the Ozark terrain and be profitably operated in thinning or other logging operations.  

Important decisions about the suitability of logging technologies should be made on the basis of fact, not uninformed opinion.  We  compared logging equipment suitable for operations where minimizing soil compaction and damage to crop trees is important.  A conventional operation with (i) chainsaw felling and extraction by skidder was compared with (ii) hotsaw (feller-buncher) felling with mini-crawler extraction and (iii) harvester felling and forwarder extraction.  A 70-year old upland oak forest represented sites with black oak approaching its natural longevity and becoming vulnerable to oak decline.

We believe that the attitude, skills, and performance of the person operating logging equipment, and not the equipment, are the primary determinants of “good” versus “bad” logging  In the hands of exceptionally skilled operators, all of the logging technologies tested proved capable of thinning Ozark forests satisfactorily so the selection of an appropriate system boils down to issues of productivity, economics, safety, and environmental impact.
Economic analyses assessed the partial costs and revenues associated with the logging operations as a preliminary step to determine whether thinning can be profitable for the logger and cost-free or profitable to the landowner.  Damage to residual trees was measured because this may impair their health and future economic return.  Also, soil disturbance and compaction can reduce forest productivity and increase erosion potential so logging technologies were compared with respect to these environmental factors.

Methods

Site description

The study site was a 70-year old, overstocked upland oak forest in Coldwater Conservation Area in Wayne Co. of southeastern Missouri.  Plots were inventoried following standard MDC (Missouri Department of Conservation) procedures.  The dominant trees were black oak, white oak, post oak, hickory species, and shortleaf pine.  The red oak species had been stressed by a three-year drought, and stems with oak borer and decay fungi were evident, with some mortality.  The slopes of the study site ranged from 3 to 60%, with an average slope of 30%.  The topsoil was 3-6 inches deep, and soils were moderately to well drained.

Silvicultural prescription and harvest level

A crop tree management system was applied by marking leave trees selected on the basis of expected longevity, quality, overall health, and potential for growth response.  Due to the declining condition of the red oak species, shortleaf pine and white oak species were favored in all plots.   Marking leave trees, rather than allowing the operator to decide what trees to harvest, is strongly recommended, especially for mechanized harvesting.

The initial intent was to remove sufficient timber (10 t/ac of pole wood and 1000 bf/ac of saw logs) to open at least two sides of the crown of leave trees.  Due to the presence of red oak borer and the general poor health of the red oaks, the availability of suitable leave trees was quite low, and substantially larger amounts of timber were removed.  The crowns of nearly all leave trees were opened on four sides, and the resulting stand resembled a shelterwood cut.  A decision on whether to continue crop tree management or complete the shelterwood cut will be made on the next entry in 15 years.

Study design

Three 4-acre plots were randomly assigned to each of the three logging technologies: (i) Husqvarna 372XP chainsaws and a 1977 John Deere 540B grapple skidder (18,100 operation hours), (ii) 2004 ASV Posi-Track RC-100 mini-crawler (tracked skid steer; 100 hours), 1999 Davco QC1200 hotsaw (feller-buncher; 1,500 hours), and Implemax Pro grapple 4836LW, and (iii) Ponsee 2001 Ergo six-wheel, cut-to-length harvester (4,000 operation hours) with 2002 H73501 head (2,000 hours) able to handle stem diameters up to 27 inches and a Ponsse 1998 Buffalo eight-wheel forwarder (10,000 hours) with K75 crane and 15-t capacity.  Both the harvester and forwarder operated with tracks during most of the trial due to wet conditions.

All harvesting services were contracted and paid to avoid biasing analyses.  An exception was that a MDC technical crew provided manual tree processing services for the crawler/hotsaw.  The first crawler/hotsaw contractor was dismissed for noncompliance with the contract, and a replacement was required on short notice.  Prior commitments of the replacement contractor and other considerations permitted harvesting only a portion (1.85 acres) of one plot so this treatment was unreplicated.

Classes of continuous activity (work elements) for a single operator in a particular logging technology were distinguished, and times were self-reported with partial, independent verification.  These activities were subsequently grouped as harvest (fell, top, delimb, buck, scale, and travel between trees), extract (move timber from plot to deck), and yard (sort, stack and load) operations to enable comparisons among technologies.  Log deck and road building were not included in the analyses here because these activities were performed by a single contractor and their times were not representative of typical logging operations, given the small size and dispersion of the plots.  

For each plot, separate records were kept of harvested volumes sold for pine, grade oak, and non-grade oak saw logs (mbf, 1000 board feet) and pine and oak pole wood (t, tons) and the corresponding revenues.  Saw logs were scaled (International ¼-inch Rule) and sold, along with pine pole wood, by sealed bidding for pickup.  Oak pole wood and cull logs were sold as pulp to a single chip mill on a delivered-ton basis.

Because saw log and pole wood harvesting proceeded simultaneously and their times were not separated, timber volume was converted to the common unit of tons for calculation of production rates.  The conversion rates were 5.25 and 4.25 t/mbf for green oak and shortleaf pine saw logs , respectively.
Economic analyses

To obtain more general results, ownership and operating costs were priced regionally, not specifically to the study.  However, operation times from the study were used to estimate production costs because no other appropriate estimates existed.  Machine ownership and operating costs were calculated according to standard procedures.  The equipment used in the study was of widely different age and condition (see Study design). To compare logging technologies on an equal basis, logging equipment was priced new, with the exception of the loader because of its low utilization rate (Appendix 1).  

The cost estimates were considered reasonable by five persons having extensive experience with conventional and mechanized equipment costs, but no commercial interests in Missouri–Raffaele Spinelli, Head of the Harvesting Research Group, CNR/IVALSA, Italy; Doug Merkel, Natural Resources Manager, Kimball International, KY; Jeff Jenkins, Procurement Forester in the Productivity Group Steve Mathey, Fee Land Harvest Systems Manager, MeadWestvaco, OH; and Bob Lanford, Forestry Plus, MT.

Production cost was calculated by multiplying production rate (h/t) by the corresponding cost per productive machine hour: chainsaw and faller – $23.91, skidder – $85.01, loader – $56.37; crawler/hotsaw – $53.59, chainsaw and faller – $23.91, loader – $105.62; harvester – $118.01, forwarder – $79.68 (Appendix 1).  This cost did not include mobilization, overhead, or profit.  Harvest costs for the crawler/hotsaw were prorated to the mechanical and manual times.  Yarding was charged at loader rates for the chainsaw/skidder and crawler/hotsaw, and at forwarder rate for the harvester/forwarder.  Grade oak saw logs sold for $451-511/mbf, non-grade oak for $250-262/mbf, oak pole wood for $25/t delivered, and pine pole wood for $15/t during Oct. 25, 2004 to Jan. 11, 2005.  Revenue for oak pole wood was net of transportation charges of $250 per load (approx. 25 t).
Environmental impact

Post-harvest stand characteristics were determined by a complete inventory of leave trees.  The area of exposed sapwood on the bole below the lowest live limb was measured or estimated.  The basal diameter of lost limbs and the percentage of live crown volume lost were also estimated.  Account should be taken of the degree of damage required to affect economic value and biological function.  A logger is charged for bole damage exceeding 50 square inches on Menominee tribal lands in Wisconsin.  Broken branches exceeding 3 inches at the base are likely to develop measurable defect, and trees with >10% of their major branches dead have reduced vigor.  These were the threshold levels adopted to characterize “substantial” damage in this study.

Soil disturbance was quantified as an indicator of damage to the rooting zone and erosion potential.  Two perpendicular sets of three transects, spaced equidistantly (104 ft) from each other and the plot boundaries, were laid out in north-south and east-west directions.  The lengths of each transect having mineral soil exposed were measured with a tape.  Paired soil samples were collected on and off extraction trails in each plot for determination of the bulk density of the coarse fragment-free fraction.
Results

Pre- and post-harvest stand characteristics
There was no significant difference in any of the inventoried stand characteristics among the plots assigned to the different logging technologies so the contractors started with a relatively level playing field.  Following harvest, tree density was reduced to 6-17%, and saw log volume to 43-56% of initial values by the three treatments.  Unmarked trees that should have been felled accounted for 2% of the leave trees in chainsaw/skidder plots, 7% in crawler/hotsaw, and 13% in harvester/forwarder.   As intended, the percentage of pine and white oak and the size of  trees in the residual stands were increased relative to pre-harvest conditions.

Productivity

Comparable volumes of timber were harvested by the different technologies, except that a relatively large amount of saw logs was harvested from one of the chainsaw/skidder plots and of pole wood from the partially harvested crawler/hotsaw plot (Figure 1).  Although saw logs are larger than poles and thus should require less handling to make up the same volume, the relative volume of saw logs was not obviously associated with production rates for any operation or technology.

The harvester/forwarder required the least time, and the crawler/hotsaw the most time for all operations, and this was reflected in the corresponding production rates (Figures 1 and 2).  
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Figure 1.  Total productive machine time and volume of timber harvested per acre for chainsaw/skidder (Conventional), crawler/hotsaw (ASV+Davco), and harvester/forwarder (Ponsse) technologies.  Production time would be reduced by simultaneous operations.  cbf  = 100 board feet.

Harvesting accounted for considerably more time than extraction by the chainsaw/skidder, leading to underutilization of the skidder (Figure 2 and Appendix 1).  Likewise, the loader doing yarding for both chainsaw/skidder and crawler/hotsaw was grossly underutilized (Figure 2 and Appendix 1).  The forwarder did both extraction and yarding, and its times eventually exceeded those of the harvester, again indicating slight imbalance (Figure 2).  

While harvest rates for chainsaw/skidder were relatively stable over time, extraction and yarding rates declined.  This was probably caused by frequent interruptions due to rainy weather and scheduling conflicts of the contractor.  In contrast, production rates for harvesting and extraction increased over time for the harvester/forwarder.  This was because the harvester head did not operate properly until servicing was completed when the second plot was started.  The harvester operator also gradually became accustomed to cutting timber harder than previously experienced, and the hauling service became better synchronized with the forwarder operations.  

Thus, the production rates for the last plot best characterized the capacity of the harvester/ forwarder.  The productivity of the harvester for this plot compared favorably with that of an 
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Figure 2.  Production rates of operations (productive machine hours per ton) within chainsaw/skidder Conventional), crawler/hotsaw (ASV+Davco), and harvester/forwarder (Ponsse) technologies.

unspecified harvester processing softwood, and it was double that of a Bell three-wheel feller-buncher plus two chainsaw fallers working in a hardwood forest.  The productivity of the harvester/ forwarder was only one third that of a similar system thinning a pole-sized maple stand.  This was probably due to the difficulty of delimbing large, tough oak.  The chainsaw and skidder productivities were 94% and 87%, respectively,  of those in eastern hardwoods for similar felled tree size.

Costs and revenues

The crawler/hotsaw was the only logging technology for which production cost exceeded revenue (Figure 3).  The operators in this system were very experienced and motivated so its relatively low productivity (Figure 2) likely reflects real limitations of the equipment operating in saw log-sized hardwood stands.  Average total machine production costs per unit volume (t) did not differ significantly between chainsaw/skidder and harvester/forwarder.  However, as noted above, results from the final plot are likely more representative of harvester/forwarder capability, and the lowest production cost of this technology was 14% less than that for chainsaw/skidder.

Productivity, cost, and revenue estimates based on the results of this study are only crudely indicative of the logging technologies tested.  
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Figure 3.  Machine production cost of operations for chainsaw/skidder (Conventional), crawler/hotsaw (ASV+Davco), and harvester/forwarder (Ponsse) technologies.  The dashed line shows the overall revenue ($32/t) from timber harvested in the study.  

There was no replication of operators or equipment within technologies, and the areas logged were small and fragmented by normal 
operating standards (Study design).  No account was taken of mobilization, overhead, or profit in production costs.  Revenues were inflated by the relatively high proportion of saw logs in thinnings, and by high sales prices for saw logs due to shortages caused by wet weather.

Industry observers readily acknowledged the high productivity of the harvester/forwarder, but presumed that its high capital cost would make it cost ineffective, even for commercial logging operations not involving pole wood removal.  Ownership costs for the harvester and forwarder are relatively high, but several factors moderate the total machine costs (Appendix 1).  

Scheduled hours should account for bad weather days, and tracked equipment can operate in weather and ground conditions unsuitable for wheeled equipment.  Thus, during the week that all contractors were on site, the conventional equipment was unable to operate due to rain, whereas the mechanized equipment operated efficiently and without rutting.  Therefore, we adjusted scheduled hours for the different types of equipment (Appendix 1).  Also, the utilization rate (percentage of scheduled hours that are productive) of mechanized equipment is higher than that of conventional equipment (Appendix 1).  Finally, repair and maintenance costs of the mechanized equipment are relatively low (Appendix 1), although the maintainability, reliability, and durability of the harvester head processing tough hardwoods is uncertain.

Total hourly costs of the harvester and forwarder could be further reduced by working multiple shifts, which is not a safe option for the other equipment.  Although hourly repair and maintenance costs might increase slightly, increasing scheduled hours would substantially reduce ownership costs.  

The most economically efficient harvesting systems are also the most capital intensive.  Risk stems from capital or fixed costs, rather than variable costs.  Contractors wishing to reduce economic risk could pair the lowest cost elements; namely, conventional chainsaw harvesting with extraction and yarding by forwarder (Figure 3).  This would require up to six fallers, depending on their scheduled and productive hours, to match the forwarder’s productivity (Figure 2 and Appendix 1).  Such an approach would lack the efficiency afforded by the timber-bunching capability of the harvester, and it would introduce additional management risks.

The harvester is also likely to be cost effective in silvicultural control of red oak borer when this is combined with forest thinning.  Control involves felling brood trees and sectioning them into pieces 18 to 24 inches long  to facilitate ant predation of borer larvae and pupae.  In a study of a 25-year old oak/hickory stand, less than 1% of potential crop trees was sacrificed to treatment, and benefits exceeded $240/ac on an 80-year management regimen.  

Residual tree damage

The incidence of tree damage in all treatments compared favorably with that in other studies.  The frequency of all residual trees with any amount of bole damage in all harvested plots was 3% in chainsaw/skidder, 13% in crawler/hotsaw, and 11% in harvester/forwarder.  The exceptionally low incidence of damage in chainsaw/skidder reflects the loggers’ expertise.
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Figure 4.  Percentage of leave trees (numbers above bars) with substantial (see Environmental impact) bole and crown damage for chainsaw/skidder (Conventional), crawler/hotsaw (ASV+Davco), and harvester/forwarder (Ponsse) technologies.  
The incidence of leave trees with substantial bole damage was very low and not significantly different among technologies (Figure 4).  Harvester/forwarder had a significantly higher, but still acceptable incidence of substantial crown damage compared with the other technologies.  This could probably be reduced with experience.


Soil disturbance and compaction
Plant growth and soil erosion potential will be most affected by soil disturbance in the rooting zone, where disturbance was higher than recorded in previous studies using different sampling techniques.  Raw soil was exposed on 21-45% of the plot areas (Figure 5), compared with 25% for a chainsaw/skidder operation in southern upland  hardwoods and 14-24% for wheeled and tracked harvester systems working in a pole-sized northern hardwood stand.  

Differences among logging technologies in our study were not significant, but the crawler/hotsaw exposed relatively more soil than the other technologies.  Soil compaction sufficient to impede rooting was rare because the heavy equipment travelled over felled tree tops.  Relative to other soils nationwide, the stony soils of the Ozarks resist compaction and permit multiple entries by heavy equipment.
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Figure 5.  Estimated percentage of plot area with exposed soil for chainsaw/skidder (Conventional), crawler/hotsaw (ASV+Davco), and harvester/ forwarder (Ponsse) technologies.  

Operator impressions 

John Deere skidder with chainsaws (Joe Glenn):  Working pulpwood with conventional equipment is always going to be somewhat inefficient and costly.  Directional felling with chainsaws in hardwood was challenging but worked well with the spacing of leave trees in this crop tree management system.  Skidding with the grapple helped with sorting before the wood hit the yard, allowing the knuckleboom loader to operate more efficiently.  

ASV crawler with Davco hotsaw (Mark Smith):  Cutting went better than expected.  This equipment and one chainsaw faller would work well producing grade logs.  The terrain was not as difficult as anticipated.  Traction was surprisingly good, probably due to small surface rocks.  All timber was extracted via one principal track which showed little soil disturbance despite wet conditions.

Ponsse Ergo harvester (Greg Dye):  Hills were not too steep for safe, productive operation.  Of existing Ponsse heads, the H73 is best suited to handling the big, rough hardwood encountered in the trial, but delimbing was sometimes difficult for the knives.  The timber was too large for the Ponsse Dual harwarder to handle.  

Ponsse Buffalo forwarder (Ari Niskanen):  Hardwood poles were especially time-consuming to load and unload.  The larger K90 crane would have been better suited than the K75 crane to the heavy hardwood.  When teamed with a cut-to-length machine, it is important to have a steady and reliable flow of trailers on which to offload timber.  
Observer impressions

Ponsse system (Peter Becker):  Although pole wood was separated from saw logs, handling times by the forwarder could have been reduced if a color marking system had been employed on the harvester head to distinguish log grades.  A weight link grapple would enable immediate, on-site determinations of pole wood load weights to ensure compliance with regulations and facilitate record keeping.  Excessive down time with this system would be fatal to a business because of high ownership and operating costs so proper daily maintenance, an assured timber supply, and reliable haulage are all essential.

Mechanized harvest systems (Ray Miller):  Techniques used by operators to minimize impacts to leave trees and soils include: (i) placing harvester slash onto the path of the machine and having the forwarder follow this same path, (ii) reaching up with the harvester to remove forks from trees before felling the main stem to reduce damage to tops of leave trees, (iii) planning a path through the stand that brings the harvester within reach of the maximum number of cut-trees with the minimum amount of machine movement (this requires that cut trees be marked so that paint is visible from all sides and that timber markers be familiar with the operational needs of the equipment), (iv) minimizing rolling, which causes most high-stem injuries on leave trees, by not driving the forwarder over mounds, and (v) minimizing the amount of forwarder travel by creating as few piles of pieces as possible.

Profitability (Steve Mathey):  As average diameter of harvested trees decreases, profitability decreases for all systems, but less so for the harvester/forwarder operation.  It has been our [MeadWestvaco] experience that mechanized contractors can profit doing a hardwood thinning, but they need 35+ tons per acre removal.  Even though this should enable them to make money, they will want a higher rate to thin than to clearcut.  
Conclusions

The study site was representative of overstocked, saw log-sized, upland hardwood stands on steep, stony terrain in the Ozarks.  All three logging technologies proved mechanically competent in these conditions.  The crawler/hotsaw was not cost effective, while the harvester/forwarder was at least as cost effective as the conventional chainsaw/skidder technology.  The high productivity and utilization of the harvester/forwarder compensated for its high capital cost.  Biologically and economically significant damage to the boles of residual trees was low and comparable among technologies, as were soil disturbance and compaction.  Crown damage was significantly greater for the harvester/forwarder, but still acceptable.  Thus, crop tree management with simultaneous removal of saw logs and pole wood is feasible at acceptable levels of environmental impact for all three technologies.  Lack of site and operator replication and incomplete cost analyses over a very limited time prohibit generalization of these conclusions.  
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Appendix 1

Double-click  on the icon below to open the spreadsheet used to calculate the costs per hour of logging equipment employed in the thinning study.  The cells are annotated to indicate sources of information and suggested ranges of values.  The cell entries are password-protected and may not be changed.  To work with different values, use the unprotected worksheet in Appendix 2.

Although not included in the analyses reported here, cost estimates for a tractor/trailer transportation system are furnished to facilitate more complete cost calculations for logging operations.

Some new owners of mechanized logging equipment find the Bell three-wheel feller-buncher attractive due to its low purchase cost.  Because it is no longer manufactured, a Valmet 603 has been costed as the nearest available equivalent.
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Appendix 2

Double-click on the icon below to open an unlocked spreadsheet for calculation of the costs per hour of any logging equipment.  Starting values for specific equipment are furnished as guidelines.
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System Hrly Cost

		Calculations according to ES Miyata (1980. Determining fixed and operating costs of logging equipment.  USDA Forest Service Gen Tech Rep NC-55, 16 p), as modified by RW Brinker, J Kinard, B Rummer and B Lanford [2002. Machine rates for selected harvesting

		Machine description:		Harvester		Forwarder		Skidder		Loader		Chainsaw		Feller-buncher:Valmet 603		Low-boy + Tractor		Log trailer

		1. Input Data:

		Purchase price as of Jun 00 (P, $) =		435000		295000		148,000		65500		700		150,000		45,000		12000

		Machine Horsepower rating (hp) =		250		250		120		110		4		130		400		0

		Machine life (n, years) =		6		6		5		5		1		5		5		5

		Salvage value, percent of purchase price (sv%)		20%		20%		35%		10%		20%		35%		10%		10%

		Utilization rate, ph/sh (ut%) =		70%		80%		67%		40%		75%		70%		70%		80%

		Repair and maintenance, percent of depreciation (rm%) =		30%		30%		90%		90%		100%		50%		100%		100%

		Interest rate, percent of avg yearly investment (in%) =		6%		6%		6%		6%		6%		6%		6%		6%

		Insurance and tax rate, percent of avg yearly investment (it%) =		4%		4%		4%		4%		4%		4%		4%		4%

		Fuel consumption rate (fcr, gal/hp-ph) =		0.02		0.014		0.024		0.022		0.042		0.054		0.025		0

		Fuel cost per gallon (fcg, $/gal) =		2.15		2.15		2.15		2.15		2		2.15		2.15		2.15

		Lube and oil, percent of fuel cost (lo%) =		37%		37%		37%		37%		150%		37%		37%		0%

		Operator wage and benefit rate (WB, $/SH) =		20.1		20.1		16.08		0		16.56		20.1		16.08		0

		Scheduled machine hours (SMH, sh/year) =		2000		2000		1350		1350		1600		1350		2000		2000

		2. Calculations:

		Salvage value (S, $) = (P*sv%) =		87000		59000		51800		6550		140		52500		4500		1200

		Annual depreciation (AD, $/year) = [(P-S)/n] =		58000		39333		19240		11790		560		19500		8100		2160

		Average yearly investment (AYI, $) = [(((P-S)*(n+1))/2n)+S] =		290000		196667		109520		41920		700		111000		28800		7680

		Productive Machine Hours (PMH, ph/year) = (SMH*ut%) =		1400		1600		905		540		1200		945		1400		1600

		3. Ownership costs:

		Interest cost (IN, $/year) = (in%*AYI) =		18125		12292		6845		2620		44		6938		1800		480

		Insurance and tax cost (IT, $/year) = (it%*AYI) =		10875		7375		4107		1572		26		4163		1080		288

		Yearly ownership cost (F$, $/year) = (AD+IN+IT) =		87000		59000		30192		15982		630		30600		10980		2928

		Ownership cost per SMH ($/sh) = (F$/SMH) =		43.50		29.50		22.36		11.84		0.39		22.67		5.49		1.46

		Ownership cost per PMH ($/ph) = (F$/PMH) =		62.14		36.88		33.38		29.60		0.53		32.38		7.84		1.83

		4. Operating costs:

		Fuel cost (F, $/ph) = (hp*fcr*fcg) =		10.75		7.53		6.19		5.20		0.34		15.09		21.50		0.00

		Lube cost (L, $/ph) = (F*lo%) =		3.98		2.78		2.29		1.93		0.504		5.58		7.96		0.00

		Repair and maintenance cost (RM, $/ph) = (AD*rm%/PMH) =		12.43		7.38		19.14		19.65		0.47		10.32		5.79		1.35

		Operator labor and benefit cost per PMH (WB/ut%, $/ph) =		28.71		25.13		24.00		0.00		22.08		28.71		22.97		0.00

		Operating cost per PMH (V$/PMH) = [F+L+RM+(WB/ut%)] =		55.87		42.81		51.63		26.78		23.39		59.71		58.21		1.35

		Operating cost per SMH (V$/SMH) = (V$/PMH*ut%) =		39.11		34.25		34.59		10.71		17.54		41.80		40.75		1.08

		5. Total Costs

		Total cost per SMH ($/SMH = (F$/SMH+V$/SMH)		82.61		63.75		56.95		22.55		17.93375		64.46		46.24		2.54

		Total cost per PMH ($/PMH = (F$/PMH+V$/PMH)		118.01		79.68		85.01		56.37		23.91		92.09		66.06		3.18

		Machine description:		Harvester: Ponsse Ergo		Forwarder: Ponsse Buffalo		Skidder: John Deere 548G w/winch + grapple		Loader (knuckleboom, tree-length) + 2-t truck		Chainsaw		Feller-buncher:Valmet 603		Low-boy + Tractor		Log trailer






_1181488858.xls
System Hrly Cost

		Calculations according to ES Miyata (1980. Determining fixed and operating costs of logging equipment.  USDA Forest Service Gen Tech Rep NC-55, 16 p), as modified by RW Brinker, J Kinard, B Rummer and B Lanford [2002. Machine rates for selected harvesting

		Machine description:		Harvester: Ponsse Ergo		Forwarder: Ponsse Buffalo				ASV RC100 mini-crawler + Davco QC1400 hotsaw/feller-buncher + Implemax grapple		Loader (knuckleboom, tree-length) + 2-t truck		Chainsaw				Skidder: John Deere 548G w/winch + grapple		Loader (knuckleboom, tree-length) + 2-t truck		Chainsaw				Low-boy + Tractor		Log trailer				Feller-Buncher: Valmet 603		Skidder: John Deere 548G w/winch + grapple		Loader (knuckleboom, tree-length) + 2-t truck		Chainsaw

		1. Input Data:

		Purchase price as of Jun 00 (P, $) =		435000		295000				77000		65500		700				148,000		65500		700				45,000		12000				150,000		148,000		65500		700

		Machine Horsepower rating (hp) =		250		250				100		110		4				120		110		4				400		0				130		120		110		4

		Machine life (n, years) =		6		6				5		5		1				5		5		1				5		5				5		5		5		1

		Salvage value, percent of purchase price (sv%)		20%		20%				20%		10%		20%				35%		10%		20%				10%		10%				35%		35%		10%		20%

		Utilization rate, ph/sh (ut%) =		70%		80%				70%		20%		75%				67%		40%		75%				70%		80%				70%		67%		40%		75%

		Repair and maintenance, percent of depreciation (rm%) =		30%		30%				100%		90%		100%				90%		90%		100%				100%		100%				50%		90%		90%		100%

		Interest rate, percent of avg yearly investment (in%) =		6%		6%				6%		6%		6%				6%		6%		6%				6%		6%				6%		6%		6%		6%

		Insurance and tax rate, percent of avg yearly investment (it%) =		4%		4%				4%		4%		4%				4%		4%		4%				4%		4%				4%		4%		4%		4%

		Fuel consumption rate (fcr, gal/hp-ph) =		0.02		0.014				0.012		0.022		0.042				0.024		0.022		0.042				0.025		0				0.054		0.024		0.022		0.042

		Fuel cost per gallon (fcg, $/gal) =		2.15		2.15				2.15		2.15		2				2.15		2.15		2				2.15		2.15				2.15		2.15		2.15		2

		Lube and oil, percent of fuel cost (lo%) =		37%		37%				37%		37%		150%				37%		37%		150%				37%		0%				37%		37%		37%		150%

		Operator wage and benefit rate (WB, $/SH) =		20.1		20.1				20.1		0		16.56				16.08		0		16.56				16.08		0				20.1		16.08		0		16.56

		Scheduled machine hours (SMH, sh/year) =		2000		2000				2000		1350		1600				1350		1350		1600				2000		2000				1350		1350		1350		1600

		2. Calculations:

		Salvage value (S, $) = (P*sv%) =		87000		59000				15400		6550		140				51800		6550		140				4500		1200				52500		51800		6550		140

		Annual depreciation (AD, $/year) = [(P-S)/n] =		58000		39333				12320		11790		560				19240		11790		560				8100		2160				19500		19240		11790		560

		Average yearly investment (AYI, $) = [(((P-S)*(n+1))/2n)+S] =		290000		196667				52360		41920		700				109520		41920		700				28800		7680				111000		109520		41920		700

		Productive Machine Hours (PMH, ph/year) = (SMH*ut%) =		1400		1600				1400		270		1200				905		540		1200				1400		1600				945		905		540		1200

		3. Ownership costs:

		Interest cost (IN, $/year) = (in%*AYI) =		18125		12292				3273		2620		44				6845		2620		44				1800		480				6938		6845		2620		44

		Insurance and tax cost (IT, $/year) = (it%*AYI) =		10875		7375				1964		1572		26				4107		1572		26				1080		288				4163		4107		1572		26

		Yearly ownership cost (F$, $/year) = (AD+IN+IT) =		87000		59000				17556		15982		630				30192		15982		630				10980		2928				30600		30192		15982		630

		Ownership cost per SMH ($/sh) = (F$/SMH) =		43.50		29.50				8.78		11.84		0.39				22.36		11.84		0.39				5.49		1.46				22.67		22.36		11.84		0.39

		Ownership cost per PMH ($/ph) = (F$/PMH) =		62.14		36.88				12.54		59.19		0.53				33.38		29.60		0.53				7.84		1.83				32.38		33.38		29.60		0.53

		4. Operating costs:

		Fuel cost (F, $/ph) = (hp*fcr*fcg) =		10.75		7.53				2.58		5.20		0.34				6.19		5.20		0.34				21.50		0.00				15.09		6.19		5.20		0.34

		Lube cost (L, $/ph) = (F*lo%) =		3.98		2.78				0.95		1.93		0.504				2.29		1.93		0.504				7.96		0.00				5.58		2.29		1.93		0.504

		Repair and maintenance cost (RM, $/ph) = (AD*rm%/PMH) =		12.43		7.38				8.80		39.30		0.47				19.14		19.65		0.47				5.79		1.35				10.32		19.14		19.65		0.47

		Operator labor and benefit cost per PMH (WB/ut%, $/ph) =		28.71		25.13				28.71		0.00		22.08				24.00		0.00		22.08				22.97		0.00				28.71		24.00		0.00		22.08

		Operating cost per PMH (V$/PMH) = [F+L+RM+(WB/ut%)] =		55.87		42.81				41.05		46.43		23.39				51.63		26.78		23.39				58.21		1.35				59.71		51.63		26.78		23.39

		Operating cost per SMH (V$/SMH) = (V$/PMH*ut%) =		39.11		34.25				28.73		9.29		17.54				34.59		10.71		17.54				40.75		1.08				41.80		34.59		10.71		17.54

		5. Total Costs

		Total cost per SMH ($/SMH = (F$/SMH+V$/SMH)		82.61		63.75				37.51		21.12		17.93375				56.95		22.55		17.93375				46.24		2.54				64.46		56.95		22.55		17.93375

		Total cost per PMH ($/PMH = (F$/PMH+V$/PMH)		118.01		79.68				53.59		105.62		23.9116666667				85.01		56.37		23.91				66.06		3.18				92.09		85.01		56.37		23.91

		Machine description:		Harvester: Ponsse Ergo		Forwarder: Ponsse Buffalo				ASV RC100 mini-crawler + Davco QC1400 hotsaw/feller-buncher + Implemax grapple		Loader (knuckleboom, tree-length) + 2-t truck		Chainsaw				Skidder: John Deere 548G w/winch + grapple		Loader (knuckleboom, tree-length) + 2-t truck		Chainsaw				Low-boy + Tractor		Log trailer				Feller-Buncher: Valmet 603		Skidder: John Deere 548G w/winch + grapple		Loader (knuckleboom, tree-length) + 2-t truck		Chainsaw



Peter Becker:
F.O.B. delivered in 2004, excluding sales tax.

Peter Becker:
Devon Bobbett (Farm Credit Bank), 5 Nov 04 phone: fixed rate for 5-yr loan >$100K to any size customer.

Peter Becker:
Michelle Holliday (Wayne Co. Assessor), 7 and 20 Dec 04 phone: commercial personal property is assessed at 33.3% of value and 2004 levy is 4.1%, giving 1.37% tax rate.  Steve Young (Wasau Insurance Cos), 13 Dec 04 phone: 2% is typical rate to insure logging equipment against vandalism, theft, fire, etc on and off premises.

Peter Becker:
Brinker et al. (2002, p 9).

Peter Becker:
Base salary rate is $15/hr for forwarder, harvester, and feller-buncher operators, based on midpoint of $14-16/hr for harvester operators in Al and GA [Miika Eskelinen (Ponsse USA) 25 Oct 04 conversation].  Base salary rate for all other operators is $12/hr [Jason Jensen (MDC) 2 Dec 04 conversation].  Benefits are the sum of 6.2% Social Security and 1.45% Medicare (IRS Publ. 15), 0.8% federal and 3.56% average state unemployment insurance for loggers [Moneen Gilleland (Missouri Division of Employment Security) 13 Dec 04 phone), and 21.71% enclosed operator’s or 26% exposed operator’s compensation insurance [Daren Crisman (Missouri Wood Industry Insurance Trust) 6 Dec 04 phone] rates, totalling 34% for enclosed operators and 38% for chainsaw fallers.  Worker's compensation insurance purchased by independent operators would be 62% of salary [Daren Crisman (Missouri Wood Industry Insurance Trust) 6 Dec 04 phone] so this expense is typically avoided by treating workers as subcontractors.

Peter Becker:
Brinker et al. (2002, Appendix B): 80%.  Miika Eskelinen (Ponsse USA), 1 Dec 04 email: 85-95%. Doug Merkel (Kimball International) 4 Jan 05 email: 60% for hardwood.  Jeff Jenkins (MeadWestvaco), 17 Jan 05 email: 70-75% for mixed hardwood because of the variability of delimbing and cutting it compared to pine.  Miller et al. (2001. Gentle logging system evaluation: quantitative measurement report.  Michigan State University, Upper Peninsula Tree Improvement Center, Escanaba, MI, 14 p.): 85% for soft hardwoods.

Peter Becker:
During the MDC/EOFC thinning trial in Oct 04, the harvester and forwarder had 40.6 and 61.3 production hours (operators' time sheets), respectively, and together they received 415 gal diesel [Rich Golden (MDC) memo].  The harvester consumes 50% more fuel than the forwarder (Miika Eskilinen, 25 Oct 04 conversation).  Solving simultaneous linear equations representing these values yields 5.1 and 3.4 gph for the harvester and forwarder, respectively.  Compare with (i) Miika Eskilinen's (26 Oct 04 conversation) estimate that harvester uses 60 gal in 9 h or 0.027 gal/HP/h, (ii) Ari's (Ponsse forwarder operator, 25 Oct 04 conversation) estimate that the Ergo harvester uses 200 L in 14 h or 0.015 gal/HP/h, with substantial variation among operators, and (iii) 0.026 value specified by Brinker et al. (2002, Appendix B).

Peter Becker:
250 d x 8 h/d.

Peter Becker:
Brinker et al. (2002, Appendix B): 80%.  Miika Eskelinen (Ponsse USA), 1 Dec 04 email: 85-95%.  Doug Merkel (Kimball International) 4 Jan 05 email: 70-80% for hardwood.  Jeff Jenkins (MeadWestvaco), 17 Jan 05 email: 85-90% if felled timber always available, but substantially lower if wood piles are widely separated compared with a clearcut. Miller et al. (2001. Gentle logging system evaluation: quantitative measurement report.  Michigan State University, Upper Peninsula Tree Improvement Center, Escanaba, MI, 14 p.): 85% for soft hardwoods.

Peter Becker:
During the MDC/EOFC thinning trial in Oct 04, the harvester and forwarder had 40.6 and 61.3 production hours (operators' time sheets), respectively, and together they received 415 gal diesel [Rich Golden (MDC) memo].  The harvester consumes 50% more fuel than the forwarder (Miika Eskilinen, 25 Oct 04 conversation).  Solving simultaneous linear equations representing these values yields 5.1 and 3.4 gph for the harvester and forwarder, respectively.  Compare with (i) Miika Eskilinen's (26 Oct 04 conversation) estimate that harvester uses 60 gal in 9 h or 0.027 gal/HP/h, (ii) Ari's (Ponsse forwarder operator, 25 Oct 04 conversation) estimate that the Ergo harvester uses 200 L in 14 h or 0.015 gal/HP/h, with substantial variation among operators, and (iii) 0.026 value specified by Brinker et al. (2002, Appendix B).

Peter Becker:
Robert Stirewalt (Ozark Mahinery Co.), 6 Dec 04 email: $15,000 for used 30-t, 42' low-boy with ramps + $20,000 for 1995 Mack log truck.  John Rowland (Duckett Truck Center), 14 Dec 04 phone: $35-40,000 for used tractor to pull low-boy and log trailers.

Peter Becker:
400 HP tractor that hauled pulpwood in MDC/EOFC trial gets 5 mpg and averages 50 mph (Roger Williams Trucking, 17 Dec 04 phone) which yields 0.025 gal/hp/h.  Fleet average fuel consumption is 4.75 mpg for 475 HP Cat engines [John Wilson (Wilson Trucking) 17 Dec 04 phone].  Assuming average travel speed of 50 mph would give 0.022 gal/hp/h.  Typical fuel consumption of 400 HP tractor is 6 mpg [Steve Lawson (Jerry's Heavy Equipment & Repair) 17 Dec 04 phone], which at travel speed of 50 mph would give 0.021 gal/hp/h.

Peter Becker:
Robert Stirewalt (Ozark Mahinery Co.), 6 Dec 04 email: $12,000 for 1998 Magnolia 42', 6 bolster trailer.

Peter Becker:
Included in cost of tractor operator.

Peter Becker:
Includes tire/track replacement and higher service costs for used vs new equipment.

Peter Becker:
Excludes weekends, holidays, and bad weather days.

Peter Becker:
The hauling rate for a load of logs in the MDC/EOFC thinning trial (Oct 04) was $250 for ~160 miles roundtrip.  At 50 mph it would take 3.2 h which can be rounded to 3.5 h to allow for loading, weighing and unloading.  This works out to $71.42/h.  Also, compare with commercial hauling rate of $60/h for start-to-finish time from Farmington, MO [Steve Lawson (Jerry's Heavy Equipment and Repair), 7 Dec 04 phone] and equipment hauling rate of $1.75/mi roundtrip = $80/h (Glenda Tinnen, 7 Dec 04 phone).

Peter Becker:
Miika Eskilinen (Ponsse USA), 11 Apr 04 email.

Peter Becker:
Miika Eskilinen (Ponsse USA), 11 Apr 04 email.

Peter Becker:
Chris Young (S&H Farm 
Supply), 3 Aug 04 email.

Peter Becker:
Raffaele Spinelli (CNR/IVALSA, Italy) , 6 Dec 04 email and M. De Lasaux, B. Hartsough, and R. Spinelli (2004. Report on the ASV Small Parcel Fuel Reduction trials - year 2003, unpublished report).

Peter Becker:
Raffaele Spinelli (CNR/IVALSA) , 6 Dec 04 email and M. De Lasaux, B. Hartsough, and R. Spinelli (2004. Report on the ASV Small Parcel Fuel Reduction trials - year 2003, unpublished report)

Peter Becker:
Robert Stirewalt (Ozark Equipment Co.), 9 Dec 04 phone: $35,000 for used loader ($115,000 for new) + $1,250 setup + $8,500 for used truck.  John Rowland (Duckett Truck Center) 14 Dec 04: $50,00 for used truck not often available, $155,000 for new truck with knuckleboom loader. Jeff Jenkins (MeadWestvaco), 17 Jan 05 email: $95,000 for new loader.

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
As for untracked vehicles in conventional operation.

Peter Becker:
Labor costs attributed to ASV operator or chainsaw faller.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone: 2 operators use 1/3 gph.

Peter Becker:
Bar oil ~1.5X cost of gasoline and is used at similar rate.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.  Rummer et al. (1997, National Hardwood Lumber Association: 103-112, Table 3) and  Wang et al. (2004. For Prod J 54(12): 50) specified 50%.

Peter Becker:
Miyata, ES (1980, p. 2).

Peter Becker:
Cliff Caudill (John Deere), 4 Nov 04 phone.

Peter Becker:
Miyata (1980, p 3).  Brinker et al. (2002, Appendix B) specified 60%.  Rummer et al. (1997, National Hardwood Lumber Association: 103-112, Table 3) specified 69%.  Wang et al. (2004. For Prod J 54(12): Table 8) specified 70%.  Local operators suggested  70% (Mark Miley, 14 Dec 04 phone) and 90% (Dustin Lindgren, 14 Dec 04 phone).  Observed rate was 29% in conventional operation of MDC/EOFC thinning trial (Oct 04).

Peter Becker:
Midpoint of 2.3-3.5 gph range on manufacturer's spec sheet.  Compare with 0.028 value specified by Brinker et al. (2002, Appendix B).

Peter Becker:
Midpoint of local operators' suggested values of 60% (Mark Miley, 14 Dec 04 phone) and 75% (Dustin Lindgren, 14 Dec 04 phone) x 250 d x 8 h/d.

Peter Becker:
Robert Stirewalt (Ozark Equipment Co.), 9 Dec 04 phone: $35,000 for used loader ($115,000 for new) + $1250 setup + $8,500 for used truck.  John Rowland (Duckett Truck Center) 14 Dec 04: $50,00 for used truck not often available,$155,000 for new truck with knuckleboom loader. Jeff Jenkins (MeadWestvaco), 17 Jan 05 email: $95,000 for new loader.

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Labor costs attributed to skidder operator or chainsaw faller.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.

Peter Becker:
Miyata, ES (1980, p. 2).

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.  Rummer et al. (1997, National Hardwood Lumber Association: 103-112, Table 3) and  Wang et al. (2004. For Prod J 54(12): 50) specified 50%.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone: 2 operators use 1/3 gph.

Peter Becker:
Bar oil ~1.5X cost of gasoline and is used at similar rate.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.

Peter Becker:
Match to lowest scheduled operating time for logging technology being costed.

Peter Becker:
Match to lowest scheduled operating time for logging technology being costed.

Peter Becker:
Multiply by number of trailers required to maintain flow in logging technology being costed.

Peter Becker:
Multiply by 2 to match skidder capacity.

Peter Becker:
Although a 1-t truck + gooseneck trailer would be adequate to haul the ASV + hotsaw + grapple, such a truck would not be able to haul the log trailers.  Given that the cost of a used 1-t truck + gooseneck trailer would be $31,500 [John Rowland (Duckett Truck Center) 14 Dec 04 phone] or 70% that of a used low-boy trailer and tractor, the latter makes better economic sense for a complete operation.

Peter Becker:
Half of 40% suggested by Steve Mathey for conventional logging operation (MeadWestvaco, 18 Jan 05 email) because production rate of ASV operation was half that of conventional operation.  Compare with 65% specified by Brinker et al. (2002, Appendix B), and 17% for conventional logging operation in MDC/EOFC thinning trial (Oct 04).

Peter Becker:
40% suggested by Steve Mathey (MeadWestvaco, 18 Jan 05 email).  Compare with 65% specified by Brinker et al. (2002, Appendix B), and 17% for conventional logging operation in MDC/EOFC thinning trial (Oct 04).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Increased from 20% to compensate for projected useage (5 yr x 900 h/yr = 4500 h) being just half of expected 8,000 to 10,000 h working life [Raffaele Spinelli (CNR/IVALSA, Italy)
 23 Dec 04 email].

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
M. De Lasaux, B. Hartsough, and R. Spinelli (2004. Report on the ASV Small Parcel Fuel Reduction trials - year 2003, unpublished report).

Peter Becker:
M. De Lasaux, B. Hartsough, and R. Spinelli (2004. Report on the ASV Small Parcel Fuel Reduction trials - year 2003, unpublished report).

Peter Becker:
Reduced from 20% to compensate for purchase of used equipment.

Peter Becker:
Reduced from 20% to compensate for purchase of used equipment.

Peter Becker:
Reduced from 20% to compensate for purchase of used equipment.

Peter Becker:
Reduced from 20% to compensate for purchase of used equipment.

Peter Becker:
Brinker et al. (2002, Appendix B). Combined annual depreciation of forwarder and harvester is $97,333, and 30% of this is $29,200.  Compare this with "unusually high" repair and general service charges of $45,000 for six machines in one year [Ted Benson, (owner/operator) 19 Dec 04 phone].  Also compare with $4000 to $12,000 to $24,000 per year per forwarder/harvester team for four teams in Alabama and Louisiana, with costs depending greatly on care taken by operators performing regular maintenance [Miika Eskilinen (Ponsse USA) 31 Dec 04 email].  100% was used in the Ponsse machine cost calculations of Miller et al. (2001. Gentle logging system evaluation: quantitative measurement report.  Michigan State University, Upper Peninsula Tree Improvement Center, Escanaba, MI, 14 p.; John Klepac 18 Feb 05 phone).

Peter Becker:
Brinker et al. (2002, Appendix B). Combined annual depreciation of forwarder and harvester is $97,333, and 30% of this is $29,200.  Compare this with "unusually high" repair and general service charges of $45,000 for six machines in one year [Ted Benson, (owner/operator)19 Dec 04 phone].  Also compare with $4000 to $12,000 to $24,000 per year per forwarder/harvester team for four teams in Alabama and Louisiana, with costs depending greatly on care taken by operators performing regular maintenance [Miika Eskilinen (Ponsse USA) 31 Dec 04 email]. 100% was used in the Ponsse machine cost calculations of Miller et al. (2001. Gentle logging system evaluation: quantitative measurement report.  Michigan State University, Upper Peninsula Tree Improvement Center, Escanaba, MI, 14 p.; John Klepac 18 Feb 05 phone).

Peter Becker:
M. De Lasaux, B. Hartsough, and R. Spinelli (2004. Report on the ASV Small Parcel Fuel Reduction trials - year 2003, unpublished report).  Although an annual repair and maintenance rate of $12,000 for 1400 production hours seems a little high, it is better to overestimate track wear to be safe [Chris Young (ASV distributor) 5 Jan 05 email].  Based on 2 yr of data and an 8-yr depreciation schedule, repair and maintenance were estimated as $8.30  per scheduled hour for 1200 scheduled hr/yr for an ASV Posi-Track 4825, or $9960/yr [Mark Smith, (owner/operator) 25 Jan 05 phone].  Given that annual production hours exceed 1200 here, some upward adjustment is required.

Peter Becker:
Miyata (1980, p 8).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
~$17,000/yr, including tire replacement costs.  Compare with $45,000 spent in 'bad' year to repair and service three Ponsse harvester/forwarder teams [Ted Benson (owner/operator) 19 Dec 04 phone].

Peter Becker:
~$12,000/yr, including tire replacement costs.  Compare with $45,000 spent in 'bad' year to repair and service three Ponsse harvester/forwarder teams [Ted Benson (owner/operator) 19 Dec 04. phone).

Peter Becker:
~$17,000/yr, including tire replacement costs.

Peter Becker:
Although a 1-t truck + gooseneck trailer would be adequate to haul the ASV + hotsaw, such a truck would not be able to haul the log trailers.  Given that the cost of a used 1-t truck + gooseneck trailer would be $31,500 (John Rowland, 14 Dec 04 phone) or 70% of a used low-boy trailer and tractor, the latter makes better economic sense for a complete operation.

Peter Becker:
Match to utilization rate of primary logging equipment being costed.

Peter Becker:
Match to utilization rate of priomary logging equipment neing costed.

Peter Becker:
Increased from 20% to compensate for projected useage (5 yr x 900 h/yr = 4500 h) being just half of expected (Matt Hansen (Roland Machinerey) 26 Apr 05 phone] 10,000 h working life [Raffaele Spinelli (CNR/IVALSA, Italy)
 23 Dec 04 email].

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.

Peter Becker:
Miyata, ES (1980, p. 2).

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.  Rummer et al. (1997, National Hardwood Lumber Association: 103-112, Table 3) and  Wang et al. (2004. For Prod J 54(12): 50) specified 50%.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone: 2 operators use 1/3 gph.

Peter Becker:
Bar oil ~1.5X cost of gasoline and is used at similar rate.

Peter Becker:
Dustin Lindgren (Lindgren Logging), 14 Dec 04 phone.

Peter Becker:
Multiply by 2 to match feller-buncher and skidder capacities.

Peter Becker:
Robert Stirewalt (Ozark Equipment Co.), 9 Dec 04 phone: $35,000 for used loader ($115,000 for new) + $1250 setup + $8,500 for used truck.  John Rowland (Duckett Truck Center) 14 Dec 04: $50,00 for used truck not often available,$155,000 for new truck with knuckleboom loader. Jeff Jenkins (MeadWestvaco), 17 Jan 05 email: $95,000 for new loader.

Peter Becker:
Reduced from 20% to compensate for purchase of used equipment.

Peter Becker:
40% suggested by Steve Mathey (MeadWestvaco, 18 Jan 05 email).  Compare with 65% specified by Brinker et al. (2002, Appendix B), and 17% for conventional logging operation in MDC/EOFC thinning trial (Oct 04).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Labor costs attributed to skidder operator or chainsaw faller.

Peter Becker:
Cliff Caudill (John Deere), 4 Nov 04 phone.

Peter Becker:
Increased from 20% to compensate for projected useage (5 yr x 900 h/yr = 4500 h) being just half of expected 8,000 to 10,000 h working life [Raffaele Spinelli (CNR/IVALSA, Italy)
 23 Dec 04 email].

Peter Becker:
Miyata (1980, p 3).  Brinker et al. (2002, Appendix B) specified 60%.  Rummer et al. (1997, National Hardwood Lumber Association: 103-112, Table 3) specified 69%.  Wang et al. (2004. For Prod J 54(12): Table 8) specified 70%.  Local operators suggested  70% (Mark Miley, 14 Dec 04 phone) and 90% (Dustin Lindgren, 14 Dec 04 phone).  Observed rate was 29% in conventional operation of MDC/EOFC thinning trial (Oct 04).

Peter Becker:
Brinker et al. (2002, Appendix B).

Peter Becker:
Midpoint of 2.3-3.5 gph range on manufacturer's spec sheet.  Compare with 0.028 value specified by Brinker et al. (2002, Appendix B).

Peter Becker:
Midpoint of local operators' suggested values of 60% (Mark Miley, 14 Dec 04 phone) and 75% (Dustin Lindgren, 14 Dec 04 phone) x 250 d x 8 h/d.

Peter Becker:
~$17,000/yr, including tire replacement costs.

Peter Becker:
Matt Hansen (Roland Machinery), 26 Apr 05 phone.

Peter Becker:
Chosen to match ASV/Davco feller-buncher.

Peter Becker:
Annual repair and part replacement costs expected to be 'low side'
[Tim Gafner (Roland Machinery) 26 Apr 05 phone].

Peter Becker:
Typical fuel consumption rate is 7 gal/hr [Tim Gafner (Roland Machinery) 26 Apr 05 phone].

Peter Becker:
$30.61/SMH without operator labor and benefit cost for 2000 SMH/yr and $120,000 purchase cost.  Compare with $21.03/SMH estimated for Bell Ultra feller-buncher (Franklin, E.C. 2001. Use of a forwarder to minimize adverse impact on logging sites.  Unpublished report.)

Peter Becker:
Chosen to match skidder.

Peter Becker:
Can operate on slopes up to 15% [Tim Gafner (Roland Machinery) 26 Apr 05 phone].




