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Anthropogenic material flows & stocks are expanding at ever-increasing rates across the world, and
their environmental and economic impacts draw more and more attention from industry, academia, policy-malers,
economic, and environmental bodies. Stocks such as buildings, consumer products, factories, and infrastructure
are essential foundations of society thus support economic activities and provide services. As the knowledge base
regarding anthropogenic material flows & stocks expansion, it is important to not only comprehend the societal
side of material consumption and stock growth but also its counterpart to the material balance—the natural
envirenment from which the materials come from and to go. The globally commeon environmental impact,
anthropogenic disturbance caused by material extraction is destructive and irreversible effect on natural
environment, while only few studies mentioned relationship between material flow and its direct impacts on
natural environment. In addition, due to difficulties of data procurement, and muted interest in materials which
are considered low-value high volume, the environmental burdens especially related to construction minerals have
received less attention so far despite the huge amounts involved. In this study, top-down method; statistics and
bottom-up method; geographic information systems (GIS) with digital elevation model (DEM) and landcover
datasets were employed, to form a common method of monitoring and measuring of the anthropogenic
disturbance at mining and fill sites. This geographically explicit methed allowed to directly point out location and
volume of anthropogenic disturbance.

_In chapter 1, academic and politic background of sustainable development, especially, which is related
to material flows and stocks were introduced. We focused on issues accompanying huge amount of material
consumption and accumulation in the socio-economic sphere is anthropogenic disturbance. The state of art

researches and remote sensing techniques were introduced in this chapter.

In chapter 2, two types of DEMs were applied to spatially quantify the impact of humans on natural
environment by estimating Japanese domestic Hidden Flows (HF). We found not only potential volume of HF by




comparing the respective results of bottom-up and top-down accountings, but also spatial distribution of
anthropogenic disturbance. The results showed that from 1987 to 2005, DEM-based methodology may produce
an overestimation of as much as 1.6%-6%, depending on the accuracy of the original DEM. In the bottom-up
accounting, the total area of the anthropogenic disturbance, 170 million m? and volume of the anthropogenic
disturbance, 5.8 billion m? which comprised the Domestic Extraction (DE) and HF. Top-down accounting, total
volume of DE was 3.2 billion m. By comparing two results, we estimated the potential volume of domestic HF,
2.6 billion m* of mining sector. A special feature of this study was the use of a direct analysis of anthropogenic
landform change to calculate material extraction.

In chapter 8, a methodology of automatic detection and measurement of anthropogenic disturbance
at material extraction sites was developed. Using Japan as a case study, ArcGIS’s Weighted Overlay Tool was
.used, a computational teol which can solve geographic multi criteria problems such as site selection and suitability
model. The results suggested that ratio of unused extraction to used extraction may exceed 1:1 for construction
minerals. We also found that the environmental effects of anthropogenic activity are bigger than natural soil
disturbance by several orders of magnitude. The annual average volume of material removed by anthropogenic
disturbance per area was thus about 3.1 m? /m? per year, while loss of surface soils by natural phenomena such as
water flow or wind is 0.00028 m3/m? per year, four orders of magnitude less than anthropogenic disturbance. And
.the mining and quarrying sites spread all over Japan, because of the low-cost and that were not transported over
long distance to shorten the supply; mining and demand; urban area.

In chapter 4, dynamic of anthropogenic disturbance and its relevance to material flows such as DE
and waste flows of Germany were discovered. Total area and mass of mining is 570 million m? and 15.3 billion
tonnes, while total area and mass of filing is 890 million m? and 7.76 billion tonnes. In addition, location
information of them may be useful for policy making, green business strategy design for manufacturing industry
and mining industry, as well as for sustainable management of resource extraction and waste management.'We
also mentioned the existence of HF, which is used for backfill. HF such as waste rocks and overburden were
regarded as no-economical materials, however, they have been used effectively to fill voids in material extraction
site, We found mass of effective use of unused materials achieves 14.1 billion tonnes.

In chapter 5, Japanese and German anthropogenic disturbances were compared. The gap of annual
volume per area of anthropogenic disturbance between Germany (0.85 m%/m?) and Japan (3.41 m3/m?) is 2.56
m?3/m?, this would be caused by the difference of original national geography, type of mining, and sense of
conservation of nature. The analysis of geographical features can contribute to assess the environmental impact
of anthropogenic disturbance in a common framework.

In chapter 6, a summary of this study, findings and future works of anthropogenic disturbance were
described. We also showed benefits for academics, industry, and policy-maker with possibility of developing
common framework of monitoring anthropogenic disturbances. The DEM used methodology can be available in
countries with poor statistics to develop of used and unused materials databases. Additionally, we mentioned
necessity of another reliable and efficient methodology for global scale analysis in addition to three different

methods (visual interpretation, automatic detection, and landcover), which were presented in previous chapters.
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