
Folia Forestalia Polonica, series A, 2011, Vol. 53 (1), 3–16

ORIGINAL ARTICLE

Received 13 July 2010 / Accepted 23 September 2010

Simulation of the spatial distribution of thinning area 
under different silvicultural subsidy systems in Japanese 
plantation forests

Tohru Nakajima¹ , Hidesat Kanomata², Satoshi Tatsuhara³ and Norihiko Shiraishi³
¹ �Laboratory of Global Forest Environmental Studies, Graduate School of Agricultural and Life Sciences,  

University of Tokyo 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113– 8657, Japan, phone: +81-3-5841-5708, fax: +81-3-5841-5235,  
e-mail: nakajima@fr.a.u-tokyo.ac.jp

² �Forestry and Forest Products Research Institute, 1 Matsunosato, Tsukuba 305-8687, Japan

³ �Laboratory of Forest Management, Graduate School of Agricultural and Life Sciences,  
University of Tokyo 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan

Abstract

The aim of this study was to simulate the effect of spatial thinning on the distribution of non-industrial private 
forests (NIPFs) and predict the thinning area under different subsidy systems in Hokkaido prefecture, Japan. The 
simulated thinning area is based on a Geographic Information System (GIS) and an algorithm that considers the 
stand condition and applicability of different subsidies for conducting thinning. The accuracy of the simulations was 
checked by comparing observed and predicted thinning area data. In Shimokawa municipality the thinning area was 
significantly smaller than in Furano municipality, where the rules governing subsidy allocations are more relaxed. 
The coefficients of determination (R2), which were calculated by comparing the estimated and observed jointly im-
plemented thinning areas, defined as areas in which thinning occurred in several adjacent sub-compartments, were 
0.88 and 0.89 in Furano and Shimokawa, respectively. Although our algorithm slightly overestimated the jointly im-
plemented thinning area, the estimated average thinning area was within the two-sided 95% confidence interval for 
the observed area. By applying the model and linking our simulation results to the GIS, the total potential distribu-
tion of jointly implemented thinning area was visualized in two geographic areas that have different subsidy systems. 
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Introduction

The owners of non-industrial private forests (NIPFs) 
hold large areas of commercial forest across the world, 
including the USA (Dennis 1990; Pattanayak et al. 

2002; Kline et al. 2002; Liao and Zhang 2008), Europe 
(Kurttila et al. 2006; Bolkesjø et al. 2007; Rodríguez-
Vicente and Marey-Perez 2009) and Canada (Zhang and 
Pearse 1997). Previous studies have considered the be-
havior of NIPF owners and their personal aims and ob-
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jectives, the financial resources they have available, and 
possible constraints to the successful management of 
their forests (Jansen and Di Gregorio 2003; Rodríguez-
Vicente and Marey-Perez 2009). Indeed, no analysis of 
land-use dynamics in rural areas or effects of forestland 
tenure regimes would be complete without considering 
NIPF ownership. However, it is difficult to define the 
meaning of the term NIPF precisely, since the nature 
of NIPF ownership differs considerably between coun-
tries (Herbohn 2001). Furthermore, even within coun-
tries NIPF owners manage their land for a wide variety 
of purposes, so the management practices and value 
of these forests are very diverse; some NIPF owners 
carry out intensive management (like industrial own-
ers), while others have no forest management strategy 
(Siry et al. 2005). Therefore, it is important to consider 
the features of NIPFs to optimize multi-purpose for-
estry policies and plan sustainable forest management 
regimes, develop regional-level forest economic strat-
egies and maintain biodiversity levels (Kurttila 2001; 
Van Deusen 2001; Bolkesjo and Baardsen 2002; Patta-
nayak et al. 2002; Favada et al. 2007; Hyytiainen and 
Penttinen 2008). 

Analyzing and modeling landowner behavior in 
terms of silvicultural practices is important for optimiz-
ing multi-purpose forestry policies and for regional-lev-
el sustainable forest management. Aspects of silvicul-
tural activities that may differ between NIPF and other 
owners (and thus should be considered) include timber 
harvesting methods (Dennis 1990; Bolkesjo and Baard-
sen 2002; Kline et al. 2002; Vokoun et al. 2006), affor-
estation and reforestation programs (Zhang and Pearse 
1997; Pattanayak et al. 2002; Lewis and Plantinga 2007) 
and timber stand improvement (TSI) techniques (Zhang 
and Pearse 1996; Zhang and Flick 2001). Previously, 
modeling has enabled us to estimate and predict timber 
harvesting, reforestation and timber stand improvement 
(TSI) parameters in NIPFs. However, it is difficult to 
estimate and predict these parameters exactly for NIPFs 
because of the diversity of the landowners’ objectives 
and management strategies. 

Previous studies have used two approaches for ana-
lyzing NIPF forest owner behavior. The first is a  sce-
nario-based approach (Gottschalk et al. 2005; Mattison 
and Norris 2005), in which a microeconomic model is 
used to determine how different forest policies and sub-
sidy systems may affect their forest management behav-

ior and provide statistically-significant predictions for 
simulating the effects of forest policy and subsidy sys-
tems on the status of their forests. Using this approach, 
Beach et al. (2005) showed that the most important 
factor for predicting NIPF forest owner behavior was 
the current government policy, particularly the subsidy 
system (Koskela et al. 2007). The second approach is 
based on a GIS (Gustafson and Crow 1994; Proe et al. 
1997; Tang et al. 1997; Gottschalk et al. 2005). This has 
obvious merits since it is important to consider spatial 
information at the landscape level for analyses of spatial 
biodiversity, risk assessments, restricting simultaneous 
harvesting, and developing multi-purpose forestry-level 
policies. This has obvious merits since it is important 
to consider spatial information at the landscape level 
for analyses of spatial biodiversity, risk assessments, 
restricting simultaneous harvesting and developing 
multi-purpose forestry-level policies. In addition, in 
econometric modeling of NIPFs, spatial information (in 
terms of plot/resource condition) is highly significant, 
ranking second after government policy according to 
Beach et al. (2005). Therefore, in this approach simu-
lations of landowner behavior (based on different sil-
vicultural regimes) are linked to information acquired 
using a Geographic Information System (GIS) (Chertov 
et al. 2002). Furthermore, a GIS-based approach is not 
only effective for modeling NIPF landowner activity, 
but also for visualizing the effects of different policy 
scenarios on NIPFs.

Approximately 58% of planted forests in Japan are 
privately owned. These NIPFs generally consist of nu-
merous small (less than 5 ha) forests owned by different 
people (Forestry Agency 2007), and the forest policy 
subsidy system is known to strongly affect their man-
agement practices (Hiroshima and Nakajima 2006). 
Thus, it would be highly valuable for policy-makers to 
be able to model the effects of different forest policy 
scenarios on NIPF owner behavior, and to be able to vi-
sualize the effects using a GIS. Furthermore, due to the 
socio-economic situation in Japan, there has been little 
financial incentive to practice sound forest management 
and profits have been very low as a result of decreasing 
timber prices. This has resulted in increased areas of 
unmanaged and unthinned forests, many of which have 
been left untended for more than 10 years (Nakajima 
et al. 2007). Hence, there is an urgent need to improve 
the profitability of Japanese forestry, and to develop 
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greater understanding of the motivation and responses 
of NIPFs.

Due to the general lack of thinning, self-thinning 
has been increasing, accompanied by reductions in the 
carbon stock and adverse effects on forest ecosystem 
functioning. These developments are in direct conflict 
with a  need to increase thinned areas of forest, rela-
tive to 1990 levels (Japanese Forestry Agency 2007), 
under Kyoto Protocol commitments (Houghton et al. 
1997; UNFCC 1998; Robert et al. 2000; UNFCC 2002; 
IPCC 2003; Jansen and Di 2003). Thus, there are urgent 
needs to expand the areas that are rationally thinned, 
and to reduce the cost of the operations by increasing 
their scale through forest owner cooperation. Therefore, 
silvicultural practices are now supported by a subsidy 
system (Nakajima et al. 2007), under which forest own-
ers are required to report the conditions of their stands 
and the silvicultural treatments they have applied. This 
information has been integrated by local governments 
in some regions with forest inventory and spatial (GIS) 
information.

Hokkaido is the largest prefecture in Japan and for-
est inventory data, GIS information and silvicultural 
practice records are collected here annually. The aim 
of this study was to develop a simulation model for the 
spatial joint implemented thinning distribution of NIPFs 
and predict the thinning area resulting from different 
subsidy systems. The simulated jointly implemented 
thinning area (thinning performed jointly by several 
owners, identified in the modeling described below as 
thinning performed in several adjacent GIS sub-com-
partments) was verified by comparing the data from the 
model with field data from two sites. In addition to pre-
senting the model, in this paper the differences in the 
spatial thinning area distribution associated with differ-
ent subsidy systems are analyzed and discussed.

Methods

Study sites

The forests that we studied were in the Furano and 
Shimokawa municipal regions (hereafter, simply Fura-
no and Shimokawa, for convenience; Fig. 1), which are 
located in a  subarctic zone, with an average annual 
temperature of approximately 5°C and rainfall of ap-
proximately 1000 mm. These forests cover a total area 

of 42,058 ha and 56,989 ha, respectively. The total 
privately-planted forest area in Furano is 6,167 ha, of 
which 1,609 ha (26%) is covered by Todomatsu (Abies 
sachalinensis F.  Schmidt), 2,706 ha (44%) by Kara-
matsu (Larix leptolepis Siebold & Zucc), and 1,852 ha 
(30%) by other tree species, including Ezomatsu (Pi-
cea jezoensis Rehd.), Touhi (Picea glehnii Mast.) and 
Guimatsu (Larix gmelinii Kuzen.). The total privately-
planted forest area in Shimokawa is 2,439 ha, of which 
1,173 ha (48%) is covered by Todomatsu, 907 ha (37%) 
by Karamatsu, and 359 ha (15%) by other tree species. 
The proportion of stands owned by absentee forest own-
ers in the Furano and Shimokawa regions is 48% and 
26%, respectively. In Furano and Shimokawa, GIS in-
formation regarding private forests has been collected 
annually since 1974. 

The central government and Hokkaido Prefectural 
government subsidize the thinning of planted forests 
for plantations of all tree species younger than 35 years, 
meeting approximately 70% of the thinning cost. In 
Furano, the 35-year age limit was removed in 2005 as 
part of a ‘forest area recovery project’ that was intended 
to expand the implementation of joint thinning of plant-
ed forests near the city. However, neither of the subsidy 
systems can be used in forests that have been subsidized 
in the preceding five years.

For the two study sites, forest inventory data on 
variables such as stand age, area, tree species, slope, ad-
dress of the forest owner and site index, are available 
for the private forests. These inventory data have also 
been linked to sub-compartments included in a  GIS. 
Historical records of silvicultural practices applied in 
each sub-compartment over the last 30 years have also 
been linked to the GIS, and a forest road map has been 
constructed for the study sites. The historical records 
include the number of years that thinning practices have 
been implemented, the sub-compartment numbers and 
their area. 

Data analysis
Calculation of the jointly implemented thinning area

Using the above data we estimated the influence of dif-
ferent subsidy systems on the jointly implemented thin-
ning area, as follows. The adjacent sub-compartments 
where thinning was implemented in each year from 
2005 to 2007 were identified as joint implemented 
thinning areas. From responses to questionnaires sent 
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Fig. 1. Location of Furano and Shimokawa municipalities showing elevations and forest roads (green lines) 



Folia Forestalia Polonica, series A, 2011, Vol. 53 (1), 3–16

Simulation of the spatial distribution of thinning area under different silvicultural subsidy systems… 7

id = n

Start

End

Prior sub-compartment
for joint implemented thinning Jointly implemented thinning

Sub-compartment: id 1, 2, … n Sub-compartment: id 1, 2, … n id = id + 1

iid = iid + 1

iid = iid + 1

iid = iid + 1

iid = iid + 1

iid = iid + 1

id = id + 1

Sub-compartment (ha) > 3
id ≥ 2

No
No

No

No

Yes

Jointly implemented thinning
units: No = No + 1

Yes

Adjacent: id 1, 2, … n

Yes

No Subsidy applicability
forstand age

Yes

No

Yes

No

Yes

No
Distance from road (m) < 1500

Yes

No
Slope (°) < 20

Yes

Joint

Yes

 Address of forest owner
No

Yes

Distance from road (m) < 100
No

Yes

Slope (°) < 10
No

Yes

 Historical record
of silvicultural practices during

the last 10 years

Historical record
of non-thinning during

the last 5 years

Historical record
of silvicultural practices during

the last 30 years

No

Yes

id = n

id = n

No

Yes

Fig. 2. Framework for the algorithm to simulate jointly implemented thinning from stand conditions and subsidy system

to members of forestry associations in Furano and 
Shimokawa, we found that almost 100% of the thinning 
area in the study sites had been subsidized. Therefore, 
using historical records regarding the silvicultural prac-

tices had been used, we calculated the jointly imple-
mented thinning areas under the different silvicultural 
subsidy systems in Furano and Shimokawa. In addition, 
we calculated the proportional increase in the thinning 
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areas in Furano and Shimokawa by dividing the area 
where thinning had been conducted in stands that had 
not be previously thinned since 1990 by the total area 
that had been thinned. By comparing the increases in 
this thinning ratio between Furano and Shimokawa, we 
were able to calculate the difference in the relative in-
creases in thinning areas associated with the different 
subsidy systems using ArcGIS 9.3 software (ESRI). 

Simulating the impact of silvicultural subsidy systems 
on the jointly implemented thinning area

To simulate the spatial distribution of thinning areas, 
we constructed an algorithm to calculate the jointly im-
plemented thinning areas, and their locations, as a func-
tion of the silvicultural subsidy system and geographic 
information about the two study regions (Fig. 2). 

Based on information obtained from the forestry as-
sociations in the study regions, sub-compartments to pre-
dict the jointly implemented thinning area were selected 
by considering the following five factors: sub-compart-
ment area, the address of the forest owner, the distance of 
the forest from the nearest forest road, slope of the site, 
and historical records of silvicultural practices. These 
factors were chosen for determining sub-compartments 
where jointly implemented thinning was likely to occur 
because conditions promote thinning efficiency when: 
the sub-compartment area is greater than 3 ha, there is 
a  forest road within 10 m and the slope of the ground 
is less than 10 degrees. The planning and implementa-
tion of joint thinning operations is also facilitated when 
owners are living in their forest, and the silvicultural re-
cords showing the sub-compartments where silvicultural 
practices have been implemented indicate that these for-
est owners manage their forests more actively than other 
private owners. The number of the above criteria that 
promote jointly implemented thinning met in each sub-
compartment was counted and entered as the parameter 
iid in the algorithm based on the GIS information and for-
est inventory data. Based on information from the for-
estry associations we then identified sub-compartments 
in which thinning may occur in the simulations as those 
that that met two or more (iid > 2) of the five conditions, 
and defined them as the prior set. 

The adjacent sub-compartments in the prior set 
were then aggregated as jointly implemented thinning 
areas, excluding those for which: (1) there was a histori-
cal record of thinning during the last five years, (2) the 

stand was less than 10 years old, (3) there was no his-
torical record of thinning during the last 30 years, (4) it 
was more than 1500 m from a  forest road, or (5) the 
stand slope was more than 20 degrees. When consider-
ing the existing subsidy system, if the historical records 
indicated that thinning had occurred during the last five 
years it was not possible to apply for a subsidy for the 
stand. If the sub-compartment was greater than 1500 m 
from a forest road or the stand slope was greater than 
20 degrees it was considered unsuitable for implement-
ing thinning. If there was no historical record of thin-
ning during the last 30 years, we considered the forest 
to be ‘unmanaged’, and a stand age of less than 10 years 
implies that the sub-compartment is not suitable for 
thinning based on the existing stand density control 
plan.

In Shimokawa, sub-compartments that were more 
than 35 years old were not aggregated because of the 
age limit in the subsidy system. In contrast, this limit 
was not imposed in Furano because the subsidy system 
can be used for stands of all ages at this site. Using our 
algorithm, we estimated the jointly implemented thin-
ning area in Furano and Shimokawa. The jointly imple-
mented thinning areas estimated by this algorithm were 
then compared with the actual areas calculated from 
historical records of silvicultural practices and GIS in-
formation. 

Finally, after checking the accuracy of the esti-
mated joint implemented thinning areas, the effect of 
the different subsidy systems on the potential extent 
and distribution of the thinning areas was simulated. 
By conducting simulations for the total areas in Furano 
and Shimokawa, areas that could be suitable for jointly 
implemented thinning under the existing and other sub-
sidy systems were then identified.

Results and discussion

Calculation of the jointly implemented thinning 
area

Figure 3 shows the distribution of planted forests in size 
(area) classes, based on data regarding the sub-com-
partment areas in Furano and Shimokawa; a Chi-square 
test showed that there was no significant difference be-
tween these distributions (p value, 0.60; χ2 value, 2.75). 
Table 1 shows the characteristics of the sites, including 
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Fig. 3. Distributions of planted forests in area classes, based 
on the sub-compartment area in Furano and Shimokawa

Tab. 1. Means, standard deviations, maximum and minimum 
values for the utilized parameters at the two study sites

Study 
sites Items Units Mean Std 

Dev Min Max

Fu
ra

no

Distance from 
forest road m 842 540 0 3148 

Stand slope degree 6 4 0 21 

No. of ad-
jacent sub-
compartments 
per sub-com-
partment

number 3 0 1 17 

Sub-compart-
ment area ha 1,00 1,81 0,01 42,17 

Stand age year 41 13 2 101 

Sh
im

ok
aw

a

Distance from 
forest road m 541 143 0 1486

Stand slope degree 4 2 0 13 

No. of ad-
jacent sub-
compartments 
per sub-com-
partment

number 3 0 1 14 

Sub-compart-
ment area ha 1,22 0,88 0,03 35,36 

Stand age year 34 13 2 101 

the distance from the nearest forest road, stand slope, 
and stand age. The distance from the nearest forest road 

and the stand slope observed in Shimokawa were high-
er than in Furano, but the observed number of adjacent 
sub-compartments and sub-compartment areas in Fu-
rano and Shimokawa were very similar. This informa-
tion suggests that the differences in jointly implemented 
thinning area at the two sites are mainly due to differ-
ences in the subsidy system. 

Both the overall extent and spatial distributions 
of jointly implemented thinning sub-compartment ar-
eas differed between Furano and Shimokawa (Fig. 4); 
the overall extent of these areas in the two regions was 
286 ha and 85 ha, respectively, and the average size of 
the areas was 11 ha and 3 ha, respectively.

The total number of thinned sub-compartments 
in Furano and Shimokawa was 859 (average 1.1 ha) 
and 249 (average 1.8 ha), respectively. Although the 
distance from a  forest road in Furano was generally 
greater than in Shimokawa, stands in the two regions 
were similar in terms of the other measured variables 
(Tab. 1). Nevertheless, the jointly implemented thinning 
area was approximately four times higher in Furano that 
in Shimokawa. This suggests that the relaxation of the 
subsidy rules in Shimokawa resulted in an increase in 
the area in which thinning was jointly implemented.

The ratio (percent) of unthinned to thinned stand 
area in Furano and Shimokawa was 42% and 33% in 
2004, respectively. In contrast, the ratio of thinned 
area to unthinned area at locations where thinning had 
not been implemented since 1990, was 54% and 8% 
in Furano and Shimokawa, respectively. These results 
suggest that the size of the unthinned area has dramati-
cally declined in Furano, compared with Shimokawa. 

The reason for this is that unthinned stands could 
only be included in jointly implemented thinning areas 
in Furano by expanding the subsidy rules to include 
older forests. In addition, the expansion of the jointly 
implemented thinning area increased the efficiency of 
constructing forest roads. Thinning implementation 
and the construction of forest roads to access the target-
ed thinning area should be conducted simultaneously in 
these study sites. The increased accessibility that would 
be created by constructing forest roads is an additional 
reason for expanding the thinning area in unthinned 
stands. In other words, these results suggest that the 
jointly implemented thinning improved the freedom 
and efficiency of forest road construction, enabling ac-
cess to unthinned stands. Thus, the thinning area could 
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be expanded in Furano. In Shimokawa, the jointly im-
plemented thinning area was lower than that in Furano. 
Therefore, we concluded that the forest road construc-
tion efficiency has not improved in Shimokawa. This is 
one of the indirect reasons that the larger thinning area 
(in locations where thinning had not been implemented 
before 1990) was observed in Furano. 

Previous studies (Hiroshima and Nakajima 2006; 
Nakajima et al. 2007) have suggested that expanding 
the jointly implemented thinning area in Furano would 
require an increase in the maximum age of the stands 
that are eligible for subsidy. Nakajima et al. (2007) also 
suggested that this strategy would increase thinning 
area. Based on the results from Furano and Shimokawa, 
which have different subsidy systems and implement 
different thinning regimes, we suggest that the area 
of thinned forest could be increased by expanding the 
range of subsidies available to support thinning.

Simulating the impact of silvicultural subsidy 
systems on potential thinning areas

Our results showed that the algorithm we developed 
could estimate the likelihood that joint implemented 
thinning area would occur under different subsidy sys-
tems (Fig.  5). The coefficients of determination (R2) 
for these areas in Furano and Shimokawa were 0.88 
and 0.89, respectively, with root mean square errors 
(RMSE) of 5.0 and 1.5, respectively. 

The slopes of the regression lines of observed versus 
thinning areas for Furano and Shimokawa were 0.77 and 
0.84, respectively (solid lines, Fig. 5), indicating that the 
algorithm slightly overestimated jointly implemented 
thinning areas. Based on information from the survey 
regarding decisions of whether or not to implement joint 
practices, we found that some forest owners preferred not 
to collaborate with other forest owners under conditions 
proposed by the local forestry associations. For this rea-

0 30

m

m

Implemented thinning area (ha)

A B

Fig. 4. Differences in the implemented thinning areas in Furano (A) and Shimokawa (B)
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son some forest owners probably decided to implement 
thinning independently, while others may have cooper-
ated at a  personal level to jointly implement thinning. 
Although such relationships between individual forest 
owners may hinder the establishment of a regional-level 
jointly implemented thinning program, it is difficult to 
formulate and include relationships like this in our algo-
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Fig. 5. Relationships between observed and estimated 
jointly implemented thinning areas in (A) Furano 
and (B) Shimokawa. The solid lines and broken lines show 
the regression lines and identity lines (y = x), respectively

rithm. Therefore, the estimated value of the jointly im-
plemented thinning area derived from the algorithm was 
an overestimation, and there were no underestimations 
in the estimated values. The major reason for the differ-
ences between the two study regions appears to be the 
difference in constraints for thinning subsidies applied 
by the local governments, which were included in our 
algorithm; hence, the coefficient of determination and 
RMSE were higher for Shimokawa than for Furano. The 
standard deviations of the error calculated by subtract-
ing the observed jointly implemented thinning area from 
the estimated jointly implemented thinning area in Fura-
no and Shimokawa were 4.0 and 1.3, respectively. These 
results suggest that the accuracy of the estimated value 
was lower for Furano than for Shimokawa. As mentioned 
above, there is less availability of subsidies in Furano 
compared with Shimokawa. This means that thinning 
can be jointly implemented with fewer restrictions in 
Shimokawa, although the extent of thinning depends on 
the specific forest owner. Therefore, the difference in the 
subsidy system between Furano and Shimokawa is one 
of the reasons that the accuracy of estimated values was 
lower for Furano than for Shimokawa.

The two-sided 95% confidence intervals of the ob-
served mean jointly implemented thinning areas at Fu-
rano and Shimokawa ranged from 7.7 to 14.3 and 1.8 to 
4.3, respectively. The estimated average jointly imple-
mented thinning areas for Furano and Shimokawa were 
14.2 and 3.7 ha, respectively; within the confidence in-
tervals of the observed average values. These results in-
dicate that our algorithm can validly estimate the aver-
age jointly implemented thinning area under different 
subsidy systems.

The spatial distributions of potential implemented 
thinning area under the two different subsidy systems 
in Furano and Shimokawa were visually displayed, as 
shown in Fig. 6. Figure 7A shows the distribution area 
class ratio between the potential thinning area and the 
total sub-compartment area in Furano and Shimokawa. 
A Chi-square test showed that there was a  significant 
difference between the distributions observed for Fu-
rano and Shimokawa (p value < 0.01, χ2 value: 26.92). 
The total potential joint implemented thinning area in 
Furano and Shimokawa was 3,292 ha and 771 ha, re-
spectively. The average joint implemented thinning 
area in Furano and Shimokawa was 9.4 ha and 3.2 ha, 
respectively. 
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A

B

Fig. 6. Comparison of the implemented spatial thinning area 
distributions simulated by our algorithm for Furano and 
Shimokawa under (A) the existing subsidy systems and (B) 
the subsidy systems reversed at the two sites

Figure  7B shows the distributions of potential 
thinning areas in size classes, based on the sub-com-
partment areas in Furano and Shimokawa, if the two 
subsidy systems were reversed. A  Chi-square test 
showed that there was a significant difference between 
the distributions observed in Furano and Shimokawa 
(p  value < 0.01, χ2 value: 30.61). The total potential 
jointly implemented thinning areas in Furano and Shi-
mokawa were 311 ha and 2,178 ha, respectively, while 
the average areas were 3.5 ha and 5.2 ha, respectively. 
However, comparing figures 6A, b and 7A, B it can be 
seen that the pattern of a  large thinning area in Fu-
rano and a small thinning area in Shimokawa would be 
reversed if the subsidy systems were reversed. These 
findings show that the effects of different silvicultural 
subsidy systems can be simulated by applying the de-
veloped model, confirming and extending the finding 

that it can estimate with confidence the likelihood that 
joint implemented thinning will occur under different 
subsidy systems (Fig. 5). Therefore, these simulations 
can help to predict the cost-effectiveness of subsidies 
for expanding the thinned stand area, which should 
help to improve the status of private forests.
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Fig. 7. Simulated distributions of the potential thinning 
areas in size classes in Furano and Shimokawa under (a) the 
existing subsidy system and (b) the reversed subsidy systems 
at the two sites

Using our algorithm, which considered spatial 
information, and data on the subsidy type and stand 
conditions, we assessed the effects of implementing 
thinning. Previous studies have analyzed useful vari-
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ables and estimated parameters for several economet-
ric models including the probit model (Dennis 1990; 
Pattanayak et al. 2003) and the logistic regression 
model (Royer 1987; Zhang and Pearse 1997), which 
can be used to predict effects of forestry policies and 
subsidy systems. Other previous studies (Bolkesjø 
and Baardsen 2002; Kurttila et al. 2006; Lewis and 
Plantinga 2007) have created models to estimate the 
effects of different amounts of subsidy. When these 
scenario-based approaches are used and if the subsidy 
system is changed (for example the target stand age is 
changed) then the parameters and variables for these 
models may need to be re-estimated. In contrast, our 
algorithm enables us to simulate the spatial distribu-
tion of thinning area under different subsidy systems 
by using the conditions and scenarios in which subsi-
dies are applicable. For example, we could simulate the 
changes in jointly implemented thinning areas under 
two different subsidy systems in Furano and Shimo-
kawa (Figs. 6, 7). 

Gottschalk et al. (2007) conducted simulations 
and produced visualizations of the effects of policy 
decisions on forestry management by linking GIS 
and scenario-based approaches. These previous stud-
ies allowed decision-makers to link policy, land-use, 
and biodiversity management. In addition, Hiroshima 
and Nakajima (2006) developed a statistical model for 
simulating total silvicultural practice areas in Japan 
under different subsidy levels. By linking simulations 
of the total thinning area based on the previous study 
of Nakajima et al. (2007) and the spatial distribution 
of the jointly implemented thinning area, it would be 
possible to estimate the effect of different subsidies 
on thinning regimes. In other words, by considering 
the geographical locations and conditions of stands, it 
should be possible to identify the most effective sub-
sidy system to promote desired forest management 
practices. 

Many previous studies (Barrett et al. 1998; Mc-
Dill et al. 2002; Batten et al. 2005) have estimated 
the economic cost of restricting jointly implemented 
harvesting. An advantage of our algorithm, compared 
to the models developed in the cited studies, is that it 
can be used to estimate the overall benefits of jointly 
implemented thinning by considering scaling effects, 
calculated using GIS information. Further, since Jap-
anese forestry profits have been decreasing, there is 

a  need to improve forestry income and expand the 
managed forest area (which are affected by the sub-
sidy system) to obtain economies of scale. It should 
therefore be possible to determine an optimal subsidy 
system for expanding the thinning area to desired 
levels using our algorithm, and thus improve profit-
ability.

Since the spatial distribution of the thinning area 
is related to the construction of new forest roads for 
harvesting, it is also possible to simulate forestry road 
construction (Gumus et al. 2008) and develop timber 
harvesting plans (Prestemon and Wear 2000) based on 
the thinning area and subsidy system. The applicabil-
ity of our simulation was based on Japanese forestry 
being strongly supported by government subsidies. 
Japanese forestry is significantly affected by the sub-
sidy system because profits have decreased due to 
reductions in timber prices (Forestry Agency 2007). 
Based on the current social situation in Japan, almost 
all of the thinning area could be estimated by the type 
and the amount of subsidy (Nakajima et al. 2007). 
Therefore, if we can include the subsidy conditions 
for thinning in the algorithm, we can predict the spa-
tial thinning area distribution. Further, since the main 
Japanese forest subsidy regime is applied uniformly 
throughout Japan, this approach could be applied to 
other regions in Japan.

The Hokkaido region has relatively flat ground 
compared to other areas in Japan, therefore it would 
be important to consider any restrictions resulting 
from the nature of the plot/resource (such as the pres-
ence of a mountain edge or valley) when considering 
thinning in other regions. Moreover, if Japanese so-
cio-economic conditions, such as forestry policy and 
profits based on timber prices, change dramatically, 
our algorithm (which is based on the existing policy 
and subsidy system) will be unable to predict spatial 
thinning area distributions in private forests. Howev-
er, the economic conditions of Japanese forestry, the 
total silvicultural area and the subsidy system have 
not changed dramatically in the past 10 years (Hiro-
shima and Nakajima 2007). Thus, assuming that the 
socio-economic conditions of Japanese forestry con-
ditions continue to be similar, our algorithm could be 
used to simulate the spatial thinning area distribution 
under different subsidy systems and different levels of 
financial support.
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Conclusions

In this study, spatial thinning area was analyzed for dif-
ferent subsidy systems and modeled using a developed 
algorithm that considered restrictions imposed by the 
subsidy system and stand conditions. The results sug-
gest that in a region where the subsidy system was re-
laxed, the jointly implemented thinning area increased 
and (hence) the unthinned area dramatically declined. 
Although our predictions for the jointly implemented 
thinning area were overestimates, the algorithm we 
developed successfully simulated the relationship be-
tween the jointly implemented thinning area and sub-
sidy system. Based on this simulation, we were able to 
predict the stand condition and the effect of implement-
ing thinning and visualize the effects of different sub-
sidy systems by linking the results to a GIS.

Acknowledgements

The authors wish to thank the staff of the Forestry Ad-
ministration of Hokkaido Prefecture Government for 
their assistance with data collection. This study was 
supported in part by Research Fellowships from the 
Japanese Ministry of Land, Infrastructure, Transport 
and Tourism.

References

Barrett T.M., Gilless J.K., Davis L.S. 1998. Economic 
and fragmentation effects of clearcut restrictions. 
Forest Science, 44, 569– 577.

Batten Jr. W.H., Bettinger P., Zhu J. 2005. The effects of 
spatial harvest scheduling constraints on the value 
of a medium-sized forest holding in the southeast-
ern United States. Southern Journal of Applied 
Forestry, 29, 185– 193.

Beach R.H., Pattanayak S.K., Yang J.C., Murray B.C., 
Abt R.C. 2005. Econometric studies of non-indus-
trial private forest management a review and syn-
thesis. Forest Policy and Economics, 7, 261– 281.

Bolkesjø T.F., Baardsen S. 2002. Roundwood supply 
in Norway: micro-level analysis of self-employed 
forest owners. Forest Policy and Economics, 4, 
55– 64.

Bolkesjø T.F., Solberg B., Wangen K.R. 2007. Source 
Heterogeneity in nonindustrial private roundwood 
supply: Lessons from a large panel of forest own-
ers. Journal of Forest Economics, 13, 7– 28.

Chertov O.G., Komarov A.S., Andrienko G.L., An-
drienko N.V., Gatalsky P. 2002. Integrating forest 
simulation models and spatial-temporal interactive 
visualization for decision making at landscape lev-
el. Ecological Modelling, 148, 47– 65.

Dennis D. 1990. A probit analysis of the harvest deci-
sion using pooled time-series and cross-sectional 
data. Journal of Environmental Economics and 
Management, 18, 176– 187.

Favada I.M., Kuuluvainen J., Uusivuori J. 2007. Op-
timal timber stock in Finnish nonindustrial pri-
vate  forests. Forest Policy and Economics, 9, 
527– 535.

Forestry Agency 2007. Annual Report on Trends of For-
est and Forestry-Fiscal Year 2006. Japan Forestry 
Association, Tokyo (in Japanese).

Gumus S., Acar H.H., Toksoy D. 2008. Functional for-
est road network planning by consideration of envi-
ronmental impact assessment for wood harvesting. 
Environmental Monitoring and Assessment, 142, 
109– 116.

Gottschalk T.K., Diekötter T., Ekschmitt K., Weinmann 
B., Kuhlmann F., Purtauf T. 2007. Impact of agri-
cultural subsidies on biodiversity at the landscape 
level. Landscape Ecology, 22, 643– 656.

Gustafson E.J., Crow T.R. 1994. Modeling the effects 
of forest harvesting on landscape structure and the 
spatial distribution of cowbird brood parasitism. 
Landscape Ecology, 9, 237– 248.

Herbohn J. 2001. Prospects for small-scale forestry in 
Australia. In: Economic Sustainability of Small-
scale Forestry (eds.: A. Niskanen, A.J. Väyrynen). 
EFI Proceedings, European Forest Institute, Fin-
land, 36, 9– 20, 

Hiroshima T., Nakajima T. 2006. Estimation of seques-
tered carbon in Article-3.4 private planted forests 
in the first commitment period in Japan. Journal of 
Forest Research, 11, 427– 437.

Houghton J.T., Meira F.L.  G., Lim B., Treanton K., 
Mamaty I., Bonduki Y. 1997. Revised 1996 IPCC 
guidelines for national greenhouse gas inventories, 
reporting instructions. IPCC/OECD/IEA, Brack-
nell, UK.



Folia Forestalia Polonica, series A, 2011, Vol. 53 (1), 3–16

Simulation of the spatial distribution of thinning area under different silvicultural subsidy systems… 15

Hyytiainen K., Penttinen M. 2008. Applying portfolio 
optimisation to the harvesting decisions of non-
industrial private forest owners. Forest Policy and 
Economics, 10, 151– 160.

Intergovernmental Panel on Climate Change (IPCC). 
2003. Good Practice Guidance for Land Use, Land-
Use Change and Forestry. Institute for Global Envi-
ronmental Strategies (IGES), Hayama, Japan.

Jansen L.J.  M., Di Gregorio A. 2003. Land-use data 
collection using the “land cover classification sys-
tem”: results from a case study in Kenya. Land Use 
Policy, 20, 131– 148.

Kline J.D., Butler B.J., Alig R.J. 2002. Tree planting 
in the south: what does the future hold? Southern 
Journal of Applied Forestry, 26, 99– 107.

Koskela E., Ollikainen M., Pukkala T. 2007. Biodiver-
sity policies in commercial boreal forests: Optimal 
design of subsidy and tax combinations. Forest 
Policy and Economics, 9, 982– 995.

Kurttila M. 2001. The spatial structure of forests in 
the optimization calculations of forest planning- 
a landscape ecological perspective. Forest Ecology 
and Management, 142, 129– 142.

Kurttila M., Pykalainen J., Leskinen P. 2006. Defining 
the forest landowner’s utility-loss compensative 
subsidy level for a  biodiversity object. European 
Journal of Forest Research, 125, 67– 78.

Lewis D.J., Plantinga A  J. 2007. Policies for habitat 
fragmentation: combining econometrics with GIS-
based landscape simulations. Land Economics, 83, 
109– 127.

Liao X.C., Zhang Y.Q. 2008. An econometric analysis 
of softwood production in the US South: a compar-
ison of industrial and nonindustrial forest owner-
ships. Forest Project Journal, 58, 69– 74.

McDill M.E., Rebain S., Braze J. 2002. Harvest sched-
uling with area-based adjacency constraints. Forest 
Science, 48, 631– 642.

Mattison E.H.A., Norris K. 2005. Bridging the gaps 
between agricultural policy, land-use and biodiver-
sity. Trends in Ecology and Evolution, 20, 610– 616.

Nakajima T., Hiroshima T., Shiraishi N. 2007. An analy-
sis about local silvicultural practices and subsidy 
system in a region level. Journal of Forest Planning, 
41, 179– 186 (in Japanese with English summary).

Pattanayak S.K., Murray B.C., Abt R. 2002. How joint 
in joint forest production: an econometric analysis 

of timber supply conditional on endogenous ame-
nity values. Forest Science, 48, 479– 491.

Pattanayak S., Abt K., Holmes T. 2003. Timber and 
amenities on non-industrial private lands. In: For-
ests in a Market Economy (eds.: E. Sills, K. Abt). 
Forestry Sciences Series. Kluwer Academic Pub-
lishers, Dordrecht.

Prestemon J., Wear D. 2000. Linking harvest choices to 
timber supply. Forest Science, 46, 377– 389.

Proe M.F., Dutch J.C., Pyatt D.G., Kimmins J.P. 1997. 
A  strategy to develop a  guide for whole-tree har-
vesting of Sitka spruce in Great Britain. Biomass 
and Bioenergy, 13, 289– 299.

Robert T.W., Ian R.N., Bert B., Ravindranath N.H., 
David J.V., David J.D. 2000. Land Use, Land-Use 
Change, and Forestry. Special Report of the In-
tergovernmental Panel on Climate Change. Cam-
bridge University Press, UK, pp. 375.

Rodriguez-Vicente V., Marey-Perez M.F. 2009. Land-
use and land-base patterns in non-industrial private 
forests: Factors affecting forest management in 
Northern Spain. Forest Policy and Economics, 11, 
475– 490.

Royer J. 1987. Determinants of reforestation behavior 
among southern landowners. Forest Science, 33, 
654– 667.

Siry J.P., Cubbage F.W., Ahmed M.R. 2005. Sustainable 
forest management: global trends and opportuni-
ties. Forest Policy and Economics, 5, 551– 561.

Tang S.M., Franklin J.F. and Montgomery D.R. 1997. 
Forest harvest patterns and landscape disturbance 
processes. Landscape Ecology, 12, 349– 363.

Van Deusen P.C. 2001. Scheduling spatial arrangement 
and harvest simultaneously. Silva Fennica, 35, 
85– 92.

Vokoun M., Amacher G.S., Wear D.N. 2006. Scale 
of harvesting by non-industrial private forest 
landowners. Journal of Forest Economics, 11, 
223– 244.

UNFCCC 1998. Report of the Conference of the Parties 
on its third session, held at Kyoto from 1 to 11 De-
cember 1997. Addendum. Part two: Action taken 
by the Conference of the Parties at its third session. 
United Nations Office at Geneva, Geneva (Switzer-
land).

UNFCCC 2002. Report of the Conference of the Par-
ties on its seventh session, held at Marrakesh from 



Folia Forestalia Polonica, series A, 2011, Vol. 53 (1), 3–16

Tohru Nakajima, Hidesat Kanomata, Satoshi Tatsuhara and Norihiko Shiraishi16

29 October to 10 November 2001. Addendum. Part 
two: Action taken by the Conference of the Parties. 
United Nations Office at Geneva, Geneva (Switzer-
land).

Zhang D., Flick W. 2001. Sticks, carrots and reforesta-
tion investment. Land Economics, 77, 443– 456.

Zhang D., Pearse P. 1996. Differences in silvicultural 
investment under various types of forest tenure in 
British Columbia. Forest Science, 42, 442– 449.

Zhang D., Pearse P. 1997. The influence of the form of 
tenure on reforestation in British Columbia. Forest 
Ecology and Management, 98, 239– 250.


