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Abstract
　We have developed a method for estimating the “elasticity of input costs (labor and capital) with respect to total output” by applying the system-wide approach theory of econometrician H.Theil. It presents as a quantitative economic indicator whether the target industry is labor-intensive or capital-intensive. Analysis of the forestry and lumber/wood products industries using this method revealed that the two industries are in different structural states, with the forestry industry being labor-intensive and the lumber/wood products industry being capital-intensive. Forestry and lumber/wood products are closely related industries, and mutual understanding will promote mutual development. In positioning forestry and lumber/wood products industries as major industries in the Japanese economy, the challenge is how to respond to this unbalanced industrial structure.

Introduction
Japan's lumber/wood products industry is the cornerstone of forestry and forestry promotion, and is an important industry that revitalizes the economy of rural areas. The lumber/wood products industry supports sustainable forest development and the livelihood of forestry workers by purchasing logs produced in forestry and their low-level processed products, and processes and supplies them in accordance with social demand. As a result, we are able to use wooden products on a daily basis. This paper focuses on the ratio of capital and labor dependence in the lumber/wood products industry, which is also the recipient of forest and forestry products, and refers to each industrial structure from a comparison of “elasticity of scale”.

Methodology
As an originality of this paper, we define the “elasticity of each input cost with respect to the total output”. We created a method to obtain the values necessary for the calculation using the system-wide approach, which is the theory of econometrician H.Theil. Using that model, we calculate the “elasticity of each input cost with respect to total output” in the Japanese forestry and lumber/wood products industries. This paper introduces the calculation method. By those values, we can know whether it is capital-intensive or labor-intensive. From the state of each industry obtained in this way, it is possible to derive how to solve the problem.

θ_i = ∂p_i q_i／∂pY ・・・・・　（1）

where p is the product price, Y is the output, pi is the price of the i-th input, and qi is the quantity of the i-th input. The total for all inputs is 1.

Σθ_i＝1　・・・・・　（2）

By the way, if total cost is  C = Σp_i q_i, regarding elasticity of scale 1/γ, γ means the rate of return when profit is maximum.

γ=pY/C　　・・・・・　（3）

Therefore, the elasticity of scale 1/γ is calculated as follows.

1/γ =1/（pY/C）　・・・・・　（4）

f_i=piqi/Σpiqi　・・・・・　（5）
C＝Σpiqi　・・・・・　（6）

f_i= piqi/C　・・・・・　（7）

fi:share of eachinput to total cost(factor share)
[bookmark: _Hlk126484576][bookmark: _Hlk126484618]K:Capital  L:Labor
pK:price of Capital  pL: :price of Labor

f_K= p_K K/C
f_L= p_L L/C　・・・・・　（8）

Elasticity of input with respect to output is the followings.

（∂p_i q_i /p_i q_i）/（∂pY/pY）＝γ･θi/fi　・・・・・　（9）

Metod of estimation of these parameters

　・・・・・　（10）

f_K dlnK=γθ_K dlnY+π_KK （dlnp_K-dlnp_L）　・・・・・　（11）

Results
The “elasticity of capital and labor with respect to the total output” in Japanese forestry production is extremely large for labor compared to capital. Since around 2003, when output, which had been on a downward trend, leveled off, the elasticity of labor has declined and the elasticity of capital has increased slightly, but the gap between them is still large. It tells us that the labor-intensive structure will not change.
Let's see changes in the “elasticity of capital and labor with respect to output" in the lumber/wood products industry. The difference between capital and labor elasticity values is smaller than forestry. While output has declined significantly, capital has increased slightly since 2009 after the collapse of Lehman Brothers, and labor has decreased slightly. I can't see any signs of changing the structure of the industry and leading the market. It can be said that it is trying to maintain those by compensating for the wear and decrease of production factors.

Results of equation,(10),(11)

Table.1　 Results of equation(10) maximum likelihood

	　
	１/γ
	Standard error
	Z-value
	P>|z|
	95%interval

	forestry
	0.354 
	0.206 
	1.72 
	0.085 
	-0.049 
	0.757 

	lumber/wood products industry
	1.303
	0.231 
	5.65 
	0.000 
	0.851 
	1.755 


1996～2018いぇあｒ。

Table2　 Results of equation (11)　 maximum likelihood

	　
	　
	coefficient
	Standard error
	Z-value
	P>|z|
	95%interval

	forestry
	γθK
	0.053
	0.024
	2.23
	0.026
	0.007
	0.100

	
	πKK
	0.046
	0.012
	3.94
	0.000
	0.232
	0.069

	　lumber/wood products industry
	γθK
	0.039
	0.014
	2.71
	0.007
	0.011
	0.066

	
	πKK
	0.044
	0.013
	3.38
	0.001
	0.018
	0.069




Fig.1　 elasticity of capital and labor with respect to output (Forestry)


Fig.2　 elasticity of capital and labor with respect to output (lumber/wood products industry)



Discussion and Conclusion
It turns out that forestry in Japan is labor intensive. The fact suggests that small-scale organizations in forestry are scattered in rural areas, and that high proficiency in labor quality is required. It was found that the lumber/wood products industry has become an organizational form that has no choice but to rely on capital in order to control costs.　
In order for the forestry industry to play a role in the economy and people's lives, it is necessary to flexibly increase or decrease the output according to the demand for timber. Forestry, which tends to be labor-intensive, has no choice but to increase the amount of labor input in order to increase output. It's not easy. There is also the problem that demand information from downstream lumber /
wood products industries is not shared with forestry production sites before responding to demand. Therefore, in Japan, we should explore forestry management that does not depend on labor by introducing advanced technology, etc., and promote the construction of an efficient and effective information and supply chain that integrates the forestry, lumber/wood products industries. is desired.
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