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Summary

Multi-functional forestry machinery (MFFM), which includes the feller-buncher, skidder, processor, forwarder,
harvester, and tower-yarder, has been utilized in Japan since the 1980s. As the business environment of Japan’s
forestry industry has become increasingly difficult, highly mechanized forestry (HMF) with MFFM has been
expected to become an effective measure to break the deadlock. In 1991, the promotion of HMF became one of the
major policies to encourage domestic forestry in Japan. The numbers of MFFM have been rapidly increasing, due
mainly to government subsidies for introducing them. Yet many of the MFFM introduced are under-utilized. HMF
appears played out, and enthusiasm for HMF is slowly ebbing away.

Undoubtedly, HMF is a form of innovation that improves Japan’s forestry and gives it a competitive edge in a
business situation. Effective measures should, therefore, be taken for the sound development of HMF. In this study
the development of HMF was examined in order to set a course for future action. Issues of current concern in HMF
emerged from the development process in the past and the results of this study offer quantitative predictions for the
future.

Chapter II describes the diffusion process of MFFM in Hokkaido, one of the most advanced HMF regions in
Japan. Factors that likefy favored its promotion are also discussed. HMTF has advanced through the following steps
: (1) incunabula - the import of foreign machinery by a small group of logging companies, (2) expansion - the
adoption of fully mechanized systems by large paper companies, etc., and (3) stabilization - the spread of
semi-mechanized systems to medium or small logging companies. The technical, managerial and policy conditions,
respectively, at each stage were : (1) the development of mechanization in foreign countries, the increase of thinning
operations, and the deterioration of profitability caused by a fall in the price of timber and a rise in wages; (2)
spreading recognition of multi-functional forestry machinery, a boom caused by a bubble economy, and the active
introduction of subsidy ; and (3) the obvious problems in forestry mechanization, a recession, a decreasing and aging
forestry labor force, and promotion of HMF by the government. Many logging companies introduced MFFM to
cope with the labor shortage, yet more than 60 percent of the MFFM introduced were used for less than 70 percent
of the total workday.

In Chapter III, the growth of MFFM in Japan is quantitatively predicted using growth-curve models.

In addition, lack of job security was a major problem in HMF.
Logistic-
and Gompertz-curves were applied to the number of machines during the fiscal year 1988-1997, and the AIC
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(Akaijke’s information criterion) of both models was compared to validate the results. The model parameters were
estimated by nonlinear regression analysis (maximum likelihood method). As a result of this estimation, it was
shown that the number of machines owned would gradually reach saturation point. The predicted saturation level
was 2,000 machines (asymptotic 95% confidence interval : 1,820 - 2,250 machines) by the logistic-curve model, and
2,900 machines (2,750 - 3,050 machines) by the Gompertz-curve model. The Gompertz-curve model was chosen as
the more reliable, because the AIC value (69.26) was lower than that of the logistic-curve model (99.49). The
number of machines by machine type, region, and ownership was also predicted. The AIC of the Gompertz-curve
model was lower in all cases. The Gompertz-curve models suggested the following increases: “harvesters”
(saturation level : 1,030 machines) for machine types, “Kanto and Chubu” (690 machines) or “Kinki, Chugoku and
Shikoku” (560 machines) for regions, and “other cooperatives” (support centers for the security of forest labor,
etc.)” (910 machines) for machine utilization by ownership.

Chapter IV describes a simulation of the diffusion of MFFM systems in Hokkaido by the author. The major
factor in diffusion was assumed to be that the logging companies had to improve their productivity due to a shortage
of labor. The diffusion model was developed using System Dynamics. In this model logging systems were classified
into three categories : conventional, semi-mechanized, and fully mechanized. The model included the following
factors : the operational productivity of each system, the annual volume of work, the number of workers, and the
average number of workdays per year. The simulation was conceived to reproduce the real diffusion process in
Hokkaido. Semi-mechanized systems would be widespread at first, then full mechanization would follow. The
estimated ratios of the total number of man-days in 1997 was 78% in conventional, 2094 in semi-mechanized, and
29 in fully mechanized forestry. The estimated volumes worked were 1,300,000 nf by conventional means,
1,550,000 i by semi-mechanized, and 660,000 nf by fully mechanized systems. The results implied that although
the total number of man-days had risen the relative volume of work performed by MFFM systems had not increased.
Diffusion in the future was simulated using the same model, and the estimated work volumes in 2007 were predicted
as 410,000 nf by conventional, 930,000 nf by semi-mechanized, and 1,030,000 nf by fully mechanized systems.
According to the simulation, fully mechanized systems will be dominant in the near future.

Chapter V discusses the break-even point of MFFM from the viewpoint of profitability. Revenue and cost
models for harvester and forwarder systems were developed, based on the results of an actual operation in the Tokyo
University Forest, in Hokkaido. Then the break-even point, which here means the work volume when revenue
corresponds with cost, was calculated. This showed a break-even point of 1,978 nf per year when unit production
volume was 20.1 nf per day. On the other hand, it rose to 3,001 nf annually when the volume was 13.0 nf daily.
Sensitivity analyses were conducted to clarify the influence of three factors : unit production volume per day, average
log price, and the allowance for machine purchase. The break-even point was around 2,000 m per year when the
volume produced was above 20 mi per day. As the volume produced decreased, the break-even point rapidly
increased. With a log price of 13,000 yen per mi and production volume over 15 ni per day, the break-even point was
about 1,500 mf per year. As the log price fell, the break-even point rose. With production of 15 - 30 nof per day,
the break-even point would decrease 200 - 300 nf annually, with a 1096 allowance for machine renewal.

Chapter VI describes a technology-forecast survey that was conducted to gain a long-term perspective on the
future advancement of forest engineering. A preliminary questionnaire was used to determine the forecast topics.
Forest-engineering technology was divided into four categories : machinery, operations, ergonomics, and roads. Within
each category, the respondents were asked to state topics of concern that could be addressed, or realized, in Japan by
2030. Once the topics had been prioritized according to importance and generality, 37 were selected for special study.

The main survey was then conducted, using the Delphi method. The results were consolidated through a second

questionnaire. Experts with extensive knowledge of forest engineering were selected as the respondents. For the
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first part of the survey, questionnaires were sent to 79 respondents, 50 of whom were subsequently sent the second
questionnaire. Those who withdrew from the survey were excluded after the first questionnaire. The rates of
response were 63% for the first questionnaire and 90% for the second. Based on the results from the second survey,
an index of importance was calculated for each topic. The three highest scoring topics (all >80) were related to
“environmentally-aware” technology. The respondents predicted that half the topics would be realized by 2010, and
909 by 2015. The respondents were also asked to suggest “Effective measures that the government should adopt for
realization” for each topic. Among the choices, “Increase in government funding for research” was the most frequent
response (average 50.5%). “Communication between the industrial, academic and government sectors” was chosen
in 39.9% of the replies.

Chapter VII concludes the study, with a review of the development of HMF, suggesting that the characteristics
of innovation in Japan’s forestry industry, based on the development of HMF in Hokkaido, are that (1) innovation
begins with action by the businesses that are the major users of these technologies ; (2) government can only promote
innovation passively and reactively;and (3) innovation is always accompanied by natural or economic fortuity.
Second, ways to promote HMF in the future are proposed. In conclusion, it is noted on the basis of the future
developments in MFFM predicted in this study, that it is becoming increasingly important to consider better
utilization of the machinery introduced. To increase the relative volume of work done by machines, government
policies should be changed from promoting their introduction to accelerating more efficient use. Improved
productivity will be needed because of the labor shortage, and fully mechanized systems should be widespread in the
near future. Effective measures that would improve productivity are also proposed. Full subsidies and machine
leasing would make it possible to reduce the investment for machine renewal. Efficient assignment systems to ensure
enough volume of work for MFFM should also be developed. The results in Chapter VI show that we can expect
further innovation in MFFM and the other technologies used in Japan’s forestry.

Key words : highly mechanized forestry, technological forecasting, growth-curve model, System Dynamics, the Delphi
method



