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6. Objective of Research

Various services inherited from inhabitants in the forest ecosystem are implicitly
provided to the society, but not fully recognized by the society. As a result, the
degradation of ecosystem services is accelerated by spatial-temporal unplanned logging
and harvesting activities. While ecosystem services rely heavily on the existence of
the habitats of animals and plants, their habitats require appropriate sustainable
management of forest resources over space and time within the landscape framework.
The objective of this proposed research was to investigate and quantitatively
evaluate effects of local economic development (e.g., harvesting and land use change)
and various environmental policy implementations on the degree of forest ecosystem
services within the framework of landscape management.
In order to achieve the objective, we developed various ecological/biological
dynamic models and spatially explicit optimization model for landscape management
under the collaboration with the research team headed by Dr. Joosang Chung of Seoul
National University. By combining these models, we then developed a spatial and
temporal structural optimization model for evaluating the forest ecosystem services
within the landscape management framework. We conducted the proposed research
for the area of Jeju Island, where the Korean research team has already established the
research site and conducted some of the field survey.
Although the preservation and maintenance of ecosystem services became one of
the emerging issues internationally and domestically for achieving sustainable
development of the society, a practical and quantitative optimization system to evaluate
interactions among economic activities/policy implementations and ecosystem services
quantitatively, has not been developed. This proposed research serves as a platform for
spatial and temporal modeling in the large scale integrated forest ecosystem
management. It also assists us to identify the needs for further research areas, and
therefore, will contribute to develop the new integrated research arena.
Also, the proposed system allows us to understand feedback loops among policy,
economic activities and ecosystem functions. As a result, the proposed research
provides some insights of fundamental ecosystem elements with land managers in order
to implement a cost effective management strategies over space and time. Since the
proposed system quantifies costs and benefits of local economic activities with respect
to ecosystem services, our analyses contribute to improve the management scheme and
the recognition of ecosystem services in the society. Furthermore, the proposed research
supports the professional development of young scholars in several aspects through
collaborating with both Japanese and Korean professors and expertise from data
collection through statistical analysis to final presentation of international and
collaborative research results.
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7. Methodology
Our approach mainly consists of five steps: 1) Data acquisition, organization, and
integration, 2) Developing spatial and temporal dynamic models for wildlife/vegetation
habitats, vegetation simulation models and a forest ecosystem simulation model for
visualizing and evaluating ecosystem services, 3) Developing supply models of
ecosystem services as well as direct economic services and a spatial and temporal
structural optimization model 4) Integrating all models developed in step 2) and 3), 5)
Conducting economic and policy analysis.
For data acquisition, organization and integration, we mostly relied on Dr.Chung`s
research team because, Dr. Chung has archived various field data in Korea. They
have obtained GIS map data as well as a forest register and growth data.
On the other hand, vegetation simulation models, wildlife habitat evaluation models
were mostly developed by the Japanese research team. First, we developed a timber
volume growth model that allows us to project harvestable timber volume over time
based on a limited data set by applying Bayesian Statistical approach. Projecting
timber volume is essential to analyze timber harvest scheduling problem. However,
enough data to develop a growth model are often not available. The proposed
approach utilize Bayesian Statistics and allows us to develop a growth model based
on a limited data of the age of a stand and volume in that stand without a complete
time series data of a particular stand.
Bayes theorem is defined as follows:

and

: conditional probability (density)

: marginal probability (density)
By regarding f Z ( z ) as proir distribution for Z=(a,b,c)’
We get posterior distribution

by Bayes theorem. The mode or the mean of

is usually used as a Bayes estimator of Z.
In order to construct a prior distribution f Z ( z ) , we estimate all parameters in f Z ( z )
using data from other trees by assuming a Gaussian distribution for f Z ( z ) . That is we
use N ( z 0, ・ Z ) as f Z ( z ) . We estimate z 0 , ・ Z and s 2 from other trees.
We also developed three habitat evaluation models. One is habitat suitability index
(HSI) model for a certain species, namely, woodpecker and rail. HSI model is a
numerical index represents the capacity of a given habitat to support a selected
species. The other one is a more general habitat evaluation model that quantifies
fragmentation of forest vegetation. Fragmentation index is defined as:

where
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m=number of forest patches
Ak= size of the kth forest patch (i=1,….,m)
Ck=Core area of the kth forest patch (edge depth:25m)
Finally, we developed a timber harvest scheduling optimization model to evaluate
timber supply from the study area and, combined it with a growth model and each
habitat evaluation model. Therefore, we developed three harvest scheduling
optimization models.
Our integrated model is a spatial and temporal structural optimization model. We
used these models to conduct a simple economic and policy analysis for ecosystem
services. In each model, we treat the supply of ecosystem services as a constraint for
the optimization problem and evaluate the cost of supplying and maintaining
ecosystem services.
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