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Foreword 
 

The Coordinating Committee for Geoscience Programmes in East and Southeast Asia 
(CCOP) is an intergovernmental organization whose mission is to facilitate and co-
ordinate the implementation of applied geoscience programmes in East and Southeast 
Asia in order to contribute to economic development and an improved quality of life 
within the region 

One of the contributions of CCOP in the East and Southeast Asia region is the 
publication of the technical proceedings of the CCOP Annual Session. A technical 
session focused on a specific theme is held during the Annual Session to address 
scientific and strategic issues of common interest in the CCOP region. The thematic 
session thus serves as a forum for exchanges on experiences and ideas among the 
Member Countries, Cooperating Countries and Organizations and other participating 
bodies and persons on this theme. 

At the 42nd Annual Session held in Beijing, China, the CCOP Thematic Session focused 
on “Sustainable Development of Geo-resources and Geo-environment”.  This was jointly 
organized with the Commission on Geoscience for Environmental Management of 
International Union of Geological Sciences (IUGS-GEM).   

The Session brought together international experts on sustainability of geo-resources and 
geo-environment who shared their experience and information on emerging issues and 
challenges, with a view to strengthen the capacity of geoscientists in addressing policy 
and geoscientific issues thus enabling them to play a more significant role in sustainable 
development.   Participants were able to share information, knowledge and experience 
through review of case studies presented and discussions made on better solutions for 
sustainable geo-resources and geo-environment management based on multi-disciplinary 
experiences and approaches. 

This volume on the 42nd CCOP Annual Session Proceedings of the Special Thematic 
Session includes technical papers and presentations that we hope are useful to those who 
have interest in the subject.  

We would like to thank Dr. He Qingcheng and his colleagues of the China Institute for 
Geo-Environmental Monitoring for their hard work in the successful organization of the 
thematic session.  We would also like to take this opportunity to express our appreciation 
to the authors for their contributions in the session and to the delegates for their active 
participation in the discussions. We would also like to thank IUGS-GEM, the Permanent 
Representatives of CCOP Member Countries, Representatives of Cooperating Countries 
and Organizations and Honorary Advisors for their support and encouragement that led 
to the success of the session.  We would like to express our appreciation to Dr. Anthony 



 
iv

Reedman, CCOP Honorary Adviser and Dr. Joy Jacqueline Pereira, Chairperson of 
IUGS-GEM for the painstaking work editing the thematic papers for this proceeding. 
Ms. Marivic Pulvera-Uzarraga of CCOP Technical Secretariat and Mr. Lim Choun Sian 
of Universiti Kebangsaan Malaysia did an excellent compilation job, putting together the 
proceedings for publication. 

 

Mr. Chen Shick Pei 
Director 
COP Technical Secretariat 
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Bridging the Geoscience Policy Interface: Issues and Challenges 

Joy Jacqueline Pereira, Ibrahim Komoo & Sarah Aziz 
Institute for Environment and Development (LESTARI) 

Universiti Kebangsaan Malaysia 

Abstract 
The contribution of geoscience in addressing global environmental challenges is 
reviewed in the context of three policy instruments i.e. the Millennium Development 
Goals (MDGs), Multilateral Environmental Agreements (MEAs) and programmes of 
actions of the UN Commission on Sustainable Development (CSD). To contribute 
effectively, geoscience information should be communicated in the right form, at the 
right time to the proper channels for a specific purpose. As a prerequisite, geoscience 
institutions would require a combination of leadership, international, national and local 
linkages, and ability to adapt to knowledge, to network and form alliances and 
partnerships extending into non-geoscience domains, whether environmental, 
economic, social or political. Advantage can be constructed in three key areas, through 
creation of an enabling environment to improve understanding of policies, legislative 
framework and financing structures; clarification of institutional roles to improve its 
forms and functions as well as capacity building for enhanced institutional 
effectiveness; and integration of geoscience knowledge into existing management 
instruments and creation of new geoscience-based management instruments for 
ensuring environmental sustainability. 

INTRODUCTION 

The interplay between geoscience and policy in addressing environmental issues is an 
important topic that requires thorough examination. The gathering pace and extent of 
environmental degradation over the last century has given a new urgency and relevance 
to interpret environmental conditions and trends and inform policy making. 
Improvements in environmental management require policy and institutional changes 
that cut across sectors beyond the control of traditional environmental institutions, 
encompassing governance, economics and social demand.   

The aim of this paper is to provide policy context for the contribution of geoscience in 
addressing global environmental challenges. The paper commences with a brief 
overview of international environmental policy with focus on three policy instruments 
i.e. the Millennium Development Goals (MDGs), Multilateral Environmental 
Agreements (MEAs) and programmes of actions of the UN Commission on Sustainable 
Development (CSD). This is followed by a short discussion on the issue and challenges 
facing geoscience and ways to bridge the interface between geoscience and 
environmental policy.  
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INTERNATIONAL ENVIRONMENTAL POLICY  

The past three decades have seen a transformation in the appreciation of linkages 
between human and natural systems as manifested by environmental policies within and 
between governments. A range of policy instruments have been employed at various 
levels and sectors, across spatial and non-spatial scales to improve environmental 
management. Such instruments may be regulatory, economic or voluntary in nature, or a 
combination, depending on its purpose and the level, sector or scale of operation. 

The United Nations (UN) legitimized international environmental policy as an issue of 
concern at the 1972 UN Conference on the Human Environment (UNCHE) in 
Stockholm, Sweden (Caldwell 1984). The Stockholm Conference led to the 
establishment of the UN Environment Programme (UNEP), which actively promoted and 
facilitated policy instruments such as agreements, treaties and conventions for 
international action in environmental issues. Other organizations and specialised UN 
agencies strengthened or initiated their contribution to international environmental policy 
after this period.  

International policy making on environment and development takes the form of 
conference diplomacy, where drafting and implementation of the conference decisions 
are subject to consultations, negotiation and review (Chasek 2001). There are generally 
two types of conference diplomacy within the UN i.e. rule-making conferences and 
action oriented conferences (Rittberger 1983). Rule-making conferences focus on 
drafting of a convention, treaty or other international legal instrument with the intent of 
codifying, altering or adding to the existing body of international law. They take place at 
regular or special sessions of the main intergovernmental bodies. Examples include the 
Third UN Conference on the Law of the Sea and the Seventh Conference of Parties on 
the Convention on Biological Diversity. Action oriented conferences are ad hoc in nature 
and serve to inject new impulses for interaction between governments, UN agencies and 
other players through formulation of collective actions at national, regional or 
international levels. Examples include the 1992 UN Conference on Environment and 
Development (UNCED) in Rio de Janeiro, Brazil and the 2002 World Summit on 
Sustainable Development in Johannesburg, South Africa.  

The governance of environmental issues at the international level is conducted via an 
intricate web of agreements, treaties, conventions and institutions. Crucial environmental 
issues are addressed through global or regional policy instruments such as Multilateral 
Environmental Agreements (MEAs), which provide for actions and initiatives by 
countries which are parties to these agreements and share their objectives. The pursuit for 
environmental sustainability is also incorporated into the broader agenda of 
development, which encompasses poverty reduction and social development. These are 
addressed through the development of global programmes of actions that result from ad 
hoc conferences organised by the UN. Examples of such policy instruments include 



 

Sustainable Development of Geo-resources and Geo-environment 5

Agenda 21 and the Rio Declaration on Environment and Development (1992) and the 
Johannesburg Plan of Implementation (JPOI) and the Johannesburg Declaration on 
Sustainable Development (2002). 

THE MILLENNIUM DEVELOPMENT GOALS 

A key policy instrument for sustainable development is the Millennium Declaration, 
resulting from the 2000 UN Millennium Summit in New York, USA. World leaders from 
189 countries made a commitment to strengthen global efforts for peace, democracy, 
good governance, environmental sustainability and poverty eradication (United Nations 
2000), which are critical elements of sustainable development. Priority issues include 
among others, development and poverty eradication, protection of the environment, 
democracy and good governance, the need of the most vulnerable, the special needs of 
Africa, and strengthening of the UN. Millennium Development Goals (MDGs) were 
identified, comprising eight goals, 18 targets and 48 indicators.  

The MDGs are now commonly accepted as a framework for measuring progress in 
development. They also provide context for all UN initiatives that address global 
economic, social and environmental challenges. National indicator development 
programmes are being framed to assess and report progress of poverty reducing actions 
in line with efforts to improve social and environmental outcomes (Aziz and Pereira 
2005). The MDGs and their related targets have now become the principle focus for 
international development cooperation.  

The UN General Assembly has decided that a High-level Plenary Meeting of the 
Assembly will be held at its headquarters on September 14-16, 2005, referred to as the 
2005 World Summit. The Meeting will review the progress made in the Millennium 
Declaration at national, regional and international levels (Bai and Morgera 2005). In 
addition, the Meeting will also review outcomes from major ad hoc conferences 
organised by the UN in economic, social and related fields.  

In response to this proposed review, high level efforts are currently ongoing within the 
UN to mainstream environmental issues into development goals. As a result of these 
meetings, several suggestions have been made to make the human development process 
more sustainable including integration of environment in MDG-based development 
strategies, international support for such strategies, as well as linking of MDGs and 
MEAs (Bai and Morgera 2005). Close collaboration has been recommended between the 
UN Millennium Project, MEAs, UNDP and UNEP on identifying potential countries that 
need technical assistance and capacity building in preparing the environment 
components of MDG-based development strategies.  
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MULTILATERAL ENVIRONMENTAL AGREEMENTS 

Multilateral Environmental Agreements (MEAs) can be clustered into a loose structure 
of institutions and activities, addressing fundamentally similar and often related issues. 
Since 1972, over 300 agreements have been negotiated at global, regional and sub-
regional levels in response to broad based environmental concerns that are issue specific. 
Substantial human and financial resources are devoted to the implementation of MEAs. 
Prominent examples include the Vienna Convention on the Protection of the Ozone 
Layers, the Basel Convention on the Control of Transboundary Movements of Hazardous 
Wastes and Their Disposal, the Convention on Biological Diversity and the UN 
Framework Convention on Climate Change. 

Solutions to global environmental issues cannot be designed or implemented without the 
participation of all countries. In accordance with the principle of common but 
differentiated responsibilities, developed countries take the lead and support much of the 
environmental initiatives at the international level. Implementation of MEAs is at the 
national level and this involves establishment of priorities and allocation of resources as 
well as coordination, monitoring and reporting of decisions taken under various MEAs at 
the international level.   

A cursory review of MEAs related to atmospheric, biodiversity, chemicals and hazardous 
wastes, land and marine issues reveals that their implementation could be vastly 
improved through the contribution of geoscience knowledge. This is particularly true 
within national boundaries. There have been efforts to develop more policy relevant 
geoscience outputs in the United States and Canada. However, such examples are often 
not highlighted and are lost in the governing institutional systems at the national level. 
As a result, the work conducted in many geoscience related institutions at the national 
level have weak policy context with respect to MEAs, and these institutions are generally 
not in the mainstream of decision-making processes, appearing to be not relevant.  

At the international level, MEA related institutions lack information on the contributions 
of geoscience in strengthening implementation and improving global environmental 
conditions through effective national action based on geoscience inputs. This is in part 
due to disconnects between the MEA institutions and international geoscience 
institutions as well as geoscience institutions that operate at regional levels. In this 
respect, geoscience institutions have not failed - but have met a new reality. Thus, there 
is need to understand this new reality in order for geoscience institutions to position 
themselves and construct advantage. 
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UN COMMISSION ON SUSTAINABLE DEVELOPMENT  

The UN Commission on Sustainable Development (CSD) was established in 1992, in 
accordance to resolution 47/191 at the 47th session of the UN General Assembly 
(Johnson et al. 2005). The CSD was created to ensure smooth follow-up of UNCED and 
examine progress in the implementation of Agenda 21 at local, national, regional and 
international levels (1992-1997), further implementation of Agenda 21 (1997-2002) and 
subsequently the JPOI (2003-2017).   

The CSD adapted a new multi-year programme of work in 2003. The new programme 
was developed on the basis two year implementation cycles, consisting of a Review Year 
and a Policy Year, focused on a thematic cluster of issues. In 2004 and 2005 the focus 
was in the areas of water, sanitation and human settlements. The thematic focus for the 
coming years are as follows: energy, industrial development, air and climate change 
(2006-2007); agriculture, rural development, land, drought, desertification and Africa 
(2008-2009); transport, chemicals, waste management, mining and programmes on 
sustainable consumption and production patterns (2010-2011); forests, biodiversity, 
biotechnology and tourism (2012-2013); oceans and seas, small island developing state, 
disaster management and vulnerability (2014-2015); and overall appraisal (2016-2017) 

The 13th session of the CSD (CSD-13) was held on 11-22 April 2005 at the UN 
headquarters in New York (Johnson et al. 2005). The discussion focused on water, 
sanitation and human settlements. The negotiations resulted in many decisions pertaining 
to policy which would be submitted to the UN Economic and Social Commission 
(ECOSOC), as a significant contribution to UN General Assembly High-level Plenary 
Meeting in September 2005.  

Several outcomes of CSD-13 are relevant to geosciences in that they provide context to 
future work plans with respect to management of water, sanitation and human 
settlements. These include calls on governments and UN agencies to provide increased 
resources from all sources, to accelerate progress toward the goal of halving by 2015, the 
proportion of people who are unable to access or afford safe drinking water. Other 
recommendations include building capacity for effective water management and service 
delivery at local and national levels; developing systems to monitor the quantity, quality 
and use of water resources; integrating human settlement planning into national 
development plans including disaster considerations in development and settlement 
planning, building capacity and promoting international information exchange at the 
local level, among others. On access to land, housing and basic services, governments 
and UN agencies have been called to assist in providing access for the poor by promoting 
local technologies, materials and knowledge, facilitating technology transfer as well as 
encouraging and providing international financing, among others. 
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BRIDGING GEOSCIENCE AND ENVIRONMENTAL POLICY  

Environmental systems are complex, connected and highly variable in spatial and 
temporal scale. Geoscience provides the expertise and tools to map physical resources as 
well as assess and monitor them for pollution and mismanagement in a systematic and 
integrated approach. In addition, geoscience can also contribute to assess the 
vulnerability of society to catastrophic and insidious environmental hazards. The three 
dimensional spatial and temporal approach of geoscience allows for an appreciation of 
the “big picture” where the environment is concerned. On the hand, environmental 
policy instruments, particularly the MEAs, are individualized and issue specific. This 
results in gaps and overlaps, which undermines their overall effectiveness. Thus, 
geoscience information, communicated in the right form, at the right time to the proper 
channels for a specific purpose, can play a critical role in increasing the effectiveness of 
environmental policy instruments. In doing so, the geoscience community can also 
benefit from the substantial resources devoted to the implementation of such policy 
instruments, particularly with respect to environment-based technology transfer and 
capacity building. 

The current contribution of geoscience in the implementation of environmental policy is 
not very encouraging (Pereira and Komoo 2003). The awareness of the relevance and 
significance of geoscience information, particularly among policy and decision makers is 
very low. The contribution of geoscience in seeking solutions to global environmental 
problems is rarely mentioned in the policy arena. Geoscience information is not 
presented in a form that can be widely understood and fits into the administrative 
procedures that are undertaken. The lack of information on costs and benefits of the use 
of geoscience information has also impeded its uptake in the policy arena. Why is there 
disconnect between policy implementers and geoscience institutions at the international 
level? Why it is that national geoscience institution are generally not in the mainstream 
of decision-making processes, appearing to be not relevant? Could it be due to poor 
ability to market geoscience knowledge? Or poor networking and advocacy skills? Or is 
it due to the emergence of a new reality? If this is the case, then there is an urgent need to 
understand this new reality so that geoscience institutions can position themselves and 
construct advantage. 

In order to construct advantage in this new reality, there are several prerequisites. 
Geoscience institutions would require a combination of leadership, international, national 
and local linkages, and ability to adapt to knowledge, to network and form alliances and 
partnerships extending into non-geoscience domains, whether environmental, economic, 
social or political. Advantage can be constructed in three key areas.  

The first key area is the creation of an enabling environment to improve understanding of 
policies, legislative framework and financing structures. The second key area is 
clarification of institutional roles to improve its forms and functions and capacity 
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building for enhanced institutional effectiveness. The third key area is integration of 
geoscience knowledge into existing management instruments and creation of new 
geoscience-based management instruments for ensuring environmental sustainability. 

CONCLUSION 

The current process of reformation within the UN is advantages to geoscience 
institutions. Various UN agencies are streamlining their operations to deliver concrete 
results through integration of actions of government, international organisations and a 
range of non-government players. Environment related institutions are also attempting to 
mainstream environmental issues into development goals. International and regional 
geoscience institutions should take note of these changes and position themselves 
accordingly. The ultimate aim is for geosciences to contribute effectively to improve 
information based decision-making in environmental matters, enhance health and safety 
as well as increase cost optimization. This will lead to enhanced societal well-being and 
progress towards sustainability.  
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The United Nations Framework Classification for Fossil Energy 
and Mineral Resources, UNFC 

Erling Kvadsheim1, Sigurd Heiberg 2& Per Blystad1 
1 Norwegian Petroleum Directorate, Norway 

2 Statoil ASA, Norway 

 

The United Nations Framework Classification for Fossil Energy and Mineral Resources 
(UNFC) is a universally applicable scheme for classifying/evaluating energy and mineral 
reserves and resources. The classification was designed by the United Nations Economic 
Commission for Europe (UNECE) to (i) accommodate and incorporate all national 
systems for reserves and resources, and (ii) to make them comparable and compatible, 
and thus to enhance international communication. This approach has been simplified by 
the use of a three-digit code that indicates the essential characteristics of energy and 
mineral commodities in market economies, notably (i) degree of economic/commercial 
viability; (ii) field project status and feasibility; and (iii) level of geological knowledge. 

The UNFC is a flexible system that is capable of meeting the requirements for 
application at national, industrial and institutional level, as well as being used for 
international communication and global assessments. It meets the basic needs for an 
international standard required to support rational use of resources, improve efficiency in 
management and enhance the security of both energy suppliers and the associated 
financial resources. This classification will assist countries with transitional economies in 
reassessing their energy and mineral resources according to the criteria used in market 
economies and so make them more attractive to foreign investors. 

The classification provides an appropriate framework to harmonize the terminologies 
and definitions existing world-wide between different energy and mineral resources. 
UNFC is harmonized with the SPE/WPC/AAPG Petroleum Resource Classification, 
with the IAEA/NEA Classification of Uranium Reserves/Resources and with the 
CMMI/CRIRSCO Definitions for Mineral Reserves/Resources. 

This paper focuses on UNFC for Petroleum. It outlines the history of the UNFC and 
describes the development of the classification. It gives a detailed description of the 
structure of the classification and also discusses the most important definitions that are 
used. The paper also gives four examples of how the UNFC can be compared to other 
classification systems.  
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Although the UNFC for Solid Fuels and Minerals has been in use for several years, and 
applied successfully in more than 60 countries, the UNFC for Petroleum is still in its 
infancy. It has been recommended for use worldwide by the UN Economic and Social 
Commission (ECOSOC). The continued work on the classification is coordinated by an 
Ad Hoc Group of Experts under UNECE Sustainable Energy Section. Several influential 
international experts and organisations are members of this Ad Hoc group, among them 
the SPE Oil and Gas Reserves Committee, who now take a lead role in developing the 
specifications and guidelines for UNFC for Petroleum, in cooperation with other experts 
from the Ad Hoc Group. The final report of UNFC has already been produced and is 
available at http://www.unece.org/ie/se/reserves.html. 
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Biodiversity and Mining: Striking a Balance for Sustainability 

Colin J. Simpson 
IUGS Commission on Geoscience for Environmental Management (IUGS-GEM) 

Abstract 
Economic and social development and environmental protection are the essential 
elements of sustainable development. The increasing world population together with 
increasing economic development continues to apply increasing demands for natural 
resources including mineral resources. Mining has caused, and in many countries 
continues to cause, considerable impact on the Earth's natural environments and on 
biodiversity and resulting in major disagreements between the minerals industry and 
opponents to mining and/or mining practices. However since 2000 there have been 
significant developments in increased understanding by all parties involved of the 
overall issues and requirements, resulting in improved dialogue between major 
factions. This process is by no means complete and extensive dialogue will be 
necessary to reach overall agreement on the best practices for managing sustainable 
development in different environments. This paper briefly reviews the major events 
that the author considers have been important in advancing this process during the last 
5 years. 

INTRODUCTION 

"….Mining has been a part of human history … providing much needed jobs and 
resources for human development. At times the social and environmental costs of 
mining have been disproportionately high. Reconciling the dilemma is our 
collective challenge as a society. The traditional role of mining in economic 
development need not be at odds with today's preferences….." (Maxwell Gomera 
of The World Conservation Union (IUCN) Southern Africa Program, and Co-
Chair of the Global Reporting Initiative (GRI).  

In the processes of human economic development as populations grow and their 
consumption increases, so do the requirement to extract more economically valuable 
resources more rapidly and almost all activities have an impact on the natural 
environment and its biodiversity.  Some activities such as agriculture, timber production, 
city and urban development, and mining, can have severe impacts on biodiversity. 
Though mining is not the most destructive of the human activities impacting on the 
environment, for some decades the mining industry has been the focus of environmental 
criticism. In part this is because unlike agriculture or urban development some mine 
operations produce results that leave "scars" in the landscape that are readily identifiable 
as severe environmental impacts. This is particularly the case for example with open cut 
mining operations that may result in excavations several kilometres in length, or the 
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destruction of pristine or near-pristine forest environments to produce tailings dams to 
store mine waste material. Also, when viewed on an international basis, the mining 
industry in different countries has, sometimes for quite complex reasons, often lagged 
behind other types of activities in addressing serious environmental and biodiversity 
impacts. 

However the dilemma remains that humans are consuming increasing quantities of metal 
and non-metal mine produce to meet increasing population and consumption demands. A 
study by Yale University estimated that mineral commodity requirements over the 50 
years from 2000 to 2050 could amount to up to 5 times the total global production up to 
2000 (Skinner 2000). This dilemma has been appropriately summed up in a joint 
statement from a leading mining group the International Council on Mining and Metals 
(ICMM) and a leading environmental conservation group The World Conservation 
Union (IUCN) as follows: 

"Economic and social development and environmental protection are the essential 
elements of sustainable development. The nexus between economic development 
and the conservation of natural resources has been, in particular, a subject of 
recurrent debate. One of the most visible and controversial issues has been the 
impact of the mining industry whose products are essential for society’s 
development needs, but whose activities also have impacts on the environment 
and thus biodiversity. Reconciling economic and social development 
opportunities with the need for biodiversity conservation and environmental 
protection requires the development of more strategic and integrated approaches 
to land use planning and management to assist societies in making informed 
decisions" (IUCN & ICMM 2004). 

The adoption of the United Nations Convention on Biological Diversity that was signed 
into being at the Earth Summit in Rio in 1992 was significant for focusing attention on 
biodiversity as a major factor in sustainable development issues that was recognisable by 
parties on all sides of the environmental debate. All organisations are realising that the 
preservation of biodiversity is a fundamental requirement for preservation of life as we 
know it. Biodiversity, rather than simply "environmental issues", is also allowing 
increased dialogue between the mining industry, environmental groups, and regulatory 
bodies.  

The understanding of what "biological diversity" (or "biodiversity") actually refers to is 
becoming better focused in all sectors involved with the environment. Despite a variety 
of definitions of the term for the context of this paper "biodiversity" is broadly described 
as the variety of all life forms - the different plants, animals and micro-organisms, the 
genes they contain, and the ecosystems of which they form a part. 
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SIGNIFICANT EVENTS 2000-2005 

Since the 1992 Rio Earth Summit there have been an increasing number of conferences 
and workshops and related developments addressing the issues of biodiversity and 
sustainable development. That five year period since 2000 has also seen some of the 
more significant progress in addressing the issues of mining in relation to biodiversity, 
and sustainable development. This paper gives an overview of some of the major events 
since 2000 that have addressed the issues associated with mining and biodiversity, and 
the developing concepts of what is required to achieve a suitable balance within the 
requirements of sustainable development. 

Listed below are some particularly relevant events related to biodiversity and mining that 
have occurred in the period 2000-2005, and some of the major events are briefly 
elaborated. 

 April 2000 the World Business Council for Sustainable Development (WBCSD) 
commissioned the International Institute for Environment and Development (IIED) to 
establish the Mining, Minerals and Sustainable Development Project (MMSD). 
This was an independent two-year project of research and consultation with the 
objective of understanding how to maximise the contribution of the mining and 
minerals sector to sustainable development at the global, national, regional and local 
levels. 

 April 2001 the Finance, Mining and Sustainability Conference was held in 
Washington DC, and organised in partnership with the United Nations Environment 
Programme (UNEP) and the World Bank Group. 

 June 2001 the first Mining and Biodiversity Workshop initiated by the MMSD 
project was held in London. 

 October 2001 the second Mining and Biodiversity Workshop initiated by the 
MMSD, and following on from the first project, was held in London. 

 October 2001 the International Council on Mining and Metals (ICMM) was 
formed as an outcome of the Global Mining Initiative (GMI) to be the clear and 
authoritative global voice of the mining and metals industry, and as the vehicle for 
driving sustainable development progress across the sector. The formation meeting 
was attended by the chairmen/CEOs of 18 companies plus other industry leaders. 
(Refer to more detailed comments below). 

 May 2002. Release of the Final Report on the two-year study by the Mining, 
Minerals and Sustainable Development Project (MMSD) entitled "Breaking New 
Ground: Mining, Minerals, and Sustainable Development". (Refer to more 
detailed comments below). (http://www.iied.org/mmsd/finalreport/index.html) 
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 August 2002. At the World Summit on Sustainable Development (WSSD) in 
Johannesburg. The World Conservation Union (IUCN) and the International Council 
on Mining and Metals (ICMM) launched a joint dialogue on mining and biodiversity 
and committed themselves to discussing a full range of issues with the objective of 
enhancing the contribution of the mining industry to biodiversity conservation. 
World leaders made an overall commitment to "significantly reduce" the rate of 
biodiversity loss before 2010. 

 August 2003, As a result of the dialogue process between the International Council 
on Mining and Metals (ICMM) and The World Conservation Union (IUCN) the 
Corporate membership of the ICMM - comprising 15 of the world’s largest mining 
and metal producing companies – has signed an undertaking to recognise existing 
World Heritage properties as ‘no-go’ areas which includes an undertaking ‘not to 
explore or mine in World Heritage properties’. 

 February 2004, UN Convention on Biological Diversity held in Malaysia. As part of 
the overall commitment to "significantly reduce" the rate of biodiversity loss before 
2010 representatives of 161 governments agreed to conserve at least one-tenth of the 
area of each of the world's many ecosystem types. There was also agreement to 
bolster efforts to stabilise populations of many species that are now in decline, and 
made a commitment to ensure that global trade does not endanger any species of wild 
plants or animals. 

 June 2004 the Global Dialogue of Governments on Mining/Metals and 
Sustainable Development was held in Geneva. Over 60 officials representing 37 
national governments completed negotiation of the Terms of Reference and the draft 
Rules of Procedures for a new Intergovernmental Forum on Mining, Minerals, 
Metals and Sustainable Development. UNCTAD, UN-DESA, the World Bank, and 
UNECA participated as observers (http://www.globaldialogue.info/im_e.htm). The 
Global Dialogue aims to enhance the ability of national governments to lead in 
promoting the implementation of the activities proposed in paragraph 46 of the UN-
WSSD (Johannesburg) Plan of Implementation particularly at the global level. A 
majority of the activities proposed in Paragraph 46 fall within areas that are primarily 
the responsibility of national governments. In this paragraph, Governments, working 
collectively at the United Nations level, acknowledged for the first time the important 
contribution that the mining and metals sector can make towards sustainable 
development. 

 June 18, 2004 the final Terms of Reference for the Dialogue between IUCN and 
ICMM on Mining and Biodiversity was signed. The dialogue will continue for 5 
years and will include a forthcoming publication of good practice guidance for 
companies on biodiversity assessment and management. (Refer to more detailed 
comments below). 
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PROGRESS AND OUTCOMES 2000-2005 

The list above highlights some of the achievements over the last 5 years on the complex 
journey towards better protection of biodiversity in mining areas. Several of these, such 
as the August 2003 recognition of existing World Heritage properties as ‘no-go’ areas, 
and the February 2004, UN Convention on Biological Diversity commitments to 
"significantly reduce" the rate of biodiversity loss before 2010, can be recognised for 
their achievements and require no further explanation. Several are discussed in more 
details below to demonstrate their importance. 

Formation of the International Council on Mining and Metals (ICMM) 

On 21 May 2001 the Board and members of the industry’s existing global, multi-metal 
representative organisation, the International Council on Metals and the Environment 
(ICME), agreed to broaden the organisation’s mandate and transform it into the 
International Council on Mining and Metals (ICMM), to be based in London. The ICMM 
was given a broader mandate by its membership to focus principally on providing 
sustainable development leadership for the industry. The formation meeting was attended 
by the chairmen/CEOs of 18 companies and other industry leaders. Though not all 
companies are represented in the ICMM it shows a significant example for others to 
follow and with globalisation of the industry its influence will expand. 

The challenge was for ICMM leadership to help the mining sector adjust to the 
sustainable development expectations of contemporary society. An environmental 
scientist, Dr. Jay D. Hair, was appointed Secretary General of ICMM. Dr Hair had 
previously held two of the most prominent environmental leadership positions in the 
world. From 1981 to 1995 he served as President and Chief Executive Officer of the 
National Wildlife Federation (NWF). In January 1994 he was elected to a three-year term 
as President of the IUCN the World Conservation Union. The background of Dr Hair has 
been significant in forging dialogue between the mining and environmental sector to 
achieve such agreements as: the ICMM - IUCN undertaking to recognise existing World 
Heritage properties as "no-go" areas and "not to explore or mine in World Heritage 
properties", and also the June 2004 signing of the final agreement to the Terms of 
Reference for Dialogue between IUCN and ICMM on Mining and Biodiversity (ICMM 
2001). 

In advancing its objectives the ICMM has produces a series of documents such as: Good 
practice guidance for ICMM members in biodiversity conservation; a White Paper on 
biodiversity offsets, as input to possible good practice guidance in this area in the future; 
a Paper which synthesises the issues and challenges, and identifies and assesses more 
strategic approaches to land use planning; a Survey of members' activity in sensitive 
areas; a Round table meeting on indigenous peoples issues. 
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The ICMM in partnership with the United Kingdom's Department for International 
Development (DFID), the United Nations Conference on Trade and Development 
(UNCTAD), and the United Nations Environment Programme (UNEP) developed an 
online library "The Mining and Metals Sector Good Practice" website that was launched 
by the ICMM in Nov 2004. The website contains key references on good practice 
guidelines, standards, case studies, and legislation (www.goodpracticemining.org). 

In January 2005 the 16 leading mining and metals companies comprising the ICMM 
agreed to report on their sustainable development performance using the GRI 
Sustainability Reporting Framework, including the recently developed Mining and 
Metals Sector Supplement (http://www.globalreporting.org). 

Mining, Minerals and Sustainable Development (MMSD) Project 

The MMSD project was one of the largest and most important investigations on mining 
and sustainable development undertaken in recent times. A process of this nature has not 
been attempted on this scale before in any major industrial sector. The activities 
conducted throughout this unique global project, and the documentation available at 
completion (www.iied.org/mmsd/) produced very significant achievements towards its 
objectives of better understanding how to maximise the contribution of the mining and 
minerals sector to sustainable development at all levels - global, national, regional and 
local. "Through this process, MMSD has proposed a clear agenda for global change in 
the minerals sector, that is based on careful analysis, that is understood and supported by 
many key stakeholders, and that identifies mechanisms for moving forward" 
(www.iied.org/mmsd/finalreport/index.html). The scientific strength assembled for its 
investigation spanned all global regions.  

The general objectives of MMSD were as follows: 

 First, to assess global mining and minerals use in terms of the transition to 
sustainable development. This would cover the current contribution - both positive 
and negative - to economic prosperity, human well-being, ecosystem health and 
accountable decision-making, as well as the track record of past practice. 

 Second, to identify how the services provided by the minerals system can be 
delivered in accordance with sustainable development in the future 

 Third, to propose key elements of an action plan for improving the minerals system 

 Fourth - and crucial for long-term impact - to build platforms of analysis and 
engagement for ongoing cooperation and networking among all stakeholders (IIED 
1999). 
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The MMSD project adopted the 1987 World Commission on Environment and 
Development (known as the Brundtland Commission) definition of sustainable 
development: "Sustainable development is development that meets the needs of the 
present without compromising the ability of future generations to meet their own 
needs." (WCED 1987). 

The final report of the MMSD entitled "Breaking New Ground: Mining, Minerals, and 
Sustainable Development" has 4 parts and 16 chapters and in printed form is over 400 
pages. (refer to Attachment 1 for details) and should be required reading by everyone 
involved in the topic. The MMSD report is too comprehensive to be briefly summarised 
but some comments on the main findings are given below with the aid of selected 
summary tables copied from the final report. The MMSD's own view on the overall 
project is summed up in part of the Executive Summary "…..The MMSD Project did not 
try to resolve the many economic, environmental, social, and governance issues facing 
the mining and minerals sector – no single effort could. But the project did try to turn a 
spotlight on the range of challenges raised by society’s need for and production of 
minerals…….. Although Breaking New Ground is the final report of the MMSD Project, 
it is not, of course, the final word on this complex subject…." 

Following from the "three pillars" of sustainable development established at the Rio 
Conference namely: economic, environmental, and social, the MMSD undertook 
extensive investigation and review of all major issues under these topics and very 
appropriately added a fourth important sphere (governance) to establish their set of 
guiding principles that they used to develop a framework to support sustainable 
development in the minerals sector.  

Their guiding principles (as set out in their report Tables 1-1 and 16-1) were: 

Economic Sphere 

 Maximize human well-being. 

 Ensure efficient use of all resources, natural and otherwise, by maximizing 
rents. 

 Seek to identify and internalize environmental and social costs. 

 Maintain and enhance the conditions for viable enterprise. 
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Social Sphere 

 Ensure a fair distribution of the costs and benefits of development for all 
those alive today. 

 Respect and reinforce the fundamental rights of human beings, including 
civil and political liberties, cultural autonomy, social and economic 
freedoms, and personal security. 

 Seek to sustain improvements over time; ensure that depletion of natural 
resources will not deprive future generations through replacement with other 
forms of capital. 

Environmental Sphere 

 Promote responsible stewardship of natural resources and the environment, 
including reparations for past damages. 

 Minimize waste and environmental damage along the whole of the supply 
chain. 

 Exercise prudence where impacts are unknown or uncertain. 

 Operate within ecological limits and protect critical natural capital. 

Governance Sphere 

 Support representative democracy, including participatory decision-making. 

 Encourage free enterprise within a system of clear and fair rules and 
incentives. 

 Avoid excessive concentration of power through appropriate checks and 
balances. 

 Ensure transparency through providing all stakeholders with access to 
relevant and accurate information. 

 Ensure accountability for decisions and actions, which are based on 
comprehensive and reliable analysis. 

 Encourage cooperation in order to build trust and shared goals and values. 

 Ensure that decisions are made at the appropriate level, adhering to the 
principle of subsidiarity where possible. 
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Sustainable Development in the Minerals Sector  

In addressing sustainable development in the minerals sector the final report of the 
MMSD project defined four major categories of actions: 

1. Increase understanding of sustainable development. 

2. Create organizational-level policies and management systems for implementing the 
principles of sustainable development. 

3. Collaborate with others with common interests to take joint steps towards sustainable 
development. 

4. Increase the ability to work towards sustainable development at local, national, and 
global levels. 

For each category, several actions have been identified to be undertaken at the national 
and global levels by the relevant stakeholders. 

Additional aspects of discussions in the MMSD report are their emphasis on the need for 
improved environmental management systems (EMS), including improved 
implementation of Environmental Impact Assessments (EIA) processes both prior to and 
during mining operations. 

The report also contains significant discussion relating to mine closure planning. They 
specifically emphasise the need for the management of mine closure planning to have 
significant involvement of local resident populations, and also the need for new mine 
sites to have closure management plans developed prior to commencement of mining 
operations. 

Follow-up Reports on the MMSD Project 

Since the release of the MMSD final report "Breaking New Ground: Mining, Minerals, 
and Sustainable Development" four Project Follow-up Reports which build on, and add 
to, the original report, have also been prepared and are available. These are:  

 Finding the Way Forward: How could voluntary action move mining towards 
sustainable development? 

 Artisanal and Small-scale Mining: Challenges and Opportunities. 

 Room to Manoeuvre? Mining, biodiversity and protected areas. 

 Finding Common Ground: Indigenous Peoples and their Association with the 
Mining Sector (www.iied.org/mmsd/library). 



Sustainable Development of Geo-resources and Geo-environment 22 

The Biodiversity Planning Support Programme (BPSP) 

Of particular interest to developing countries is the BPSP which aids with funding and 
assistance in environmental management projects. The BPSP is a multi-donor initiative 
implemented by the United Nations Development Programme (UNDP) and the United 
Nations Environment Programme (UNEP) with core financing from the Global 
Environment Facility (GEF). The global programme is being implemented in co-
operation with regional partners covering 10 regions: Arab States; Caribbean; Central & 
Eastern Europe & the NIS; Eastern & Southern Africa & Indian Ocean; Latin America; 
North East & East-Central Asia; Pacific Island Countries; South & South Eastern Asia; 
West Africa; West & Central Africa 

The Programme was established to respond to needs recognized by the Parties to the 
United Nations Convention on Biological Diversity (CBD) for strengthening national 
capacity to prepare and implement National Biodiversity Strategies and Action Plans 
(NBSAPs) in compliance with Article 6 of the Convention. The programme focuses on 
gathering and dissemination of relevant technical information for biodiversity planning, 
exchange of knowledge, expertise and lessons learned at regional and global levels, and 
provision of timely guidance on how to address contemporary thematic issues related to 
implementation of the CBD in the context of national planning. In 2002, the GEF 
Assembly expanded GEF’s mandate by adding land degradation to the GEF portfolio 
(www.undp.org/bpsp). 

CLOSING COMMENT 

The items discussed above represent the author's views of "significant" events and 
reports relating to mining, biodiversity and sustainable development that became 
available in the period 2000-2005. These are not the only activities/publications on that 
subject in that period but do involve important findings and ideas for those involved with 
the management of sustainable development.  The difficulties involved in adequately 
managing mining operations in different countries within the requirements of what is 
defined as "appropriate" actions and strategies for sustainable development still have 
some considerable distance to progress. It is appropriate to close this paper with the 
following quote from Sir Robert Wilson, Chairman, International Council on Mining and 
Metals (ICMM) and Chairman, Rio Tinto. 

…."In both the conservation community and my industry we face problems of great 
complexity as we seek to navigate our way into and through the 21st century. We could 
face these problems separately in the mood of distrust and hostility that characterised 
the past. Or we could face them as we have begun to do more recently in a mood that 
recognises that between our real and legitimate differences there are areas of obvious 
mutual interest. There is an opportunity for people of goodwill on both sides to make 
constructive progress…."  
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ATTACHMENT 1: OVERVIEW INFORMATION ON THE MMSD PROJECT 
(http://www.iied.org/mmsd/) 

The final report of the MMSD project entitled "Breaking New Ground: Mining, 
Minerals, and Sustainable Development" has 4 parts and 16 chapters and in printed 
form is over 400 pages and is available in English, Spanish, French, and Portuguese.  It 
can also be downloaded in .PDF digital form at http://www.iied.org/mmsd/. A full digital 
version can also be obtained in MMSD CD-ROM format, and contains a fully-illustrated 
e-book of the report (automatically indexed and cross-referenced with full search 
facilities), MMSD regional and national reports, commissioned research and all other 
Project materials. In all the major themes of the research, MMSD identified and 
collaborated with key experts and institutions already working in these areas. The 
resources available for research and analysis in the project included: 

 Research Fellows (from a variety of backgrounds in major mineral producing regions 
working on baseline assessments, literature reviews and project activities). 

 The International Institute for Environment and Development (with expertise of 
leading sustainable development experts in other programmes). 

 Partner Organisations (institutions and organisations including: the World Bank, 
United Nations Environment Programme (UNEP), International Council for Mining 
and Metals (ICMM), Price Waterhouse Coopers, Conservation International, The 
World Conservation Union (IUCN), Transparency International). 

 Contracted Research (undertaken by distinguished academics and other experts in a 
number of different countries and topics). 

 Regional Partners (drawing on the research capacity and local networks of its 
regional partner organisations in Australia, North America, South America, Southern 
Africa, Europe, Former Soviet Union, South-East Asia, who undertook research for 
the project at both the global and regional level. The Regional Partners produced 
their own Regional Reports which were both independent as well as feeding into the 
Global Report). 

MMSD's project activities were organised around four interlinked elements or functions 
of: stakeholder engagement, research and analysis, communications and planning for 
outcomes. 
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The key topics covered in the research were (in alphabetical order): 

Armed Conflict; Artisanal and Small-scale Mining; Biodiversity; Corporate Citizenship; 
Corruption; Current Industry Practice; Global Finance Dialogue; Global Information; 
Dialogue; Health and Safety; Human Rights; Indigenous Peoples; Life-Cycle Analysis; 
Large-Volume Waste; Managing Minerals Wealth; Mine Closure Policy; Minerals 
Availability; Planning for Outcomes; Public Participation; Resettlement and 
Displacement. 

The final report contents: 

Executive Summary (29 pages) 

Part I - A Framework for Change 

1. The Minerals Sector and Sustainable Development (18 pages) 

Part II -Current Trends and Actors 

2. Producing and Selling Minerals (26 pages); 3. A Profile of the Minerals Sector 
(16 pages); 4. The Need for and Availability of Minerals (12 pages); 5. Case Studies 
on Minerals (26 pages). 

Part III - Challenges 

6. Viability of the Minerals Industry (30 pages); 7. The Control, Use, and 
Management of Land (30 pages); 8. Minerals and Economic Development (26 
pages); 9. Local Communities and Mines (34 pages); 10. Mining, Minerals, and the 
Environment (38 pages); 11. An Integrated Approach to Using Minerals (22 pages); 
12. Access to Information (22 pages); 13. Artisanal and Small-Scale Mining (22 
pages); 14. Sector Governance: Roles, Responsibilities, and Instruments for Change 
(26 pages). 

Part IV - Responses and Recommendations 

15. The Regional Perspectives (24 pages); 16. Agenda for Change (26 pages). 
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Geoindicators: Tools for Understanding Environmental Change 
and Communicating Geoscience  

Jonas Satkunas1 & Julius Taminskas2 
1Geological Survey of Lithuania 

2Institute of Geology and Geography, Lithuania 

INTRODUCTION 

The assessment of the state of the environment is based on a number of indicators. The 
geological environment is one of the elements of an ecosystem and must be included into 
integrated monitoring and state of the environment reporting (SoER). Rapid geological 
changes, driven by exogenic and endogenic causes are often very hazardous e.g. 
landslides, collapses of sinkholes etc. and visibly affect the landscape. However, 
processes that is comparatively slower (e.g. changes of groundwater level or chemistry) 
also affect other components of the environment, primarily biotic components, and also 
cause changes in landscape. The crucial issue is to reveal indicators of geological change 
and to carry out systematic but cost-effective monitoring. The International Union of 
Geological Sciences (IUGS) has developed the geoindicator concept (Berger & Iams, 
1996; ITC 1996; Berger, 2002) which brings together, in a convenient format, various 
measures for assessing significant geological change that can occur on human time-
scales. Geoindicators are measures (magnitudes, frequency, rates, trends) of geological 
processes and phenomena, occurring at or near the Earth's surface and subject to changes 
that are significant for understanding environmental change over periods of 100 years or 
less (ITC 1996).  

The IUGS geoindicators checklist contains descriptions of 27 geoindicators of change of 
geological environment (www.geoindicator.org). The geoindicators checklist provides an 
outline of the environmental importance of each geoindictor, types of monitoring sites, 
methods of monitoring, key reference sources. It aims to assist in developing monitoring 
networks that can provide objective, quantitative information of landscape change that 
can be used by a variety of users.  

One of most important goals of the IUGS Geoindicators Initiative is to incorporate 
monitoring of rapid geological-geoenvironmental changes into integrated environmental 
monitoring and state of environment reporting (SoER). The changes and state of 
geological environments so far are not sufficiently considered in the many national and 
international SoER documents (e.g. EEA 2005) or are even excluded altogether. 
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The inclusion of a number of geoindicators in the State of Environment Reports of 
Lithuania since 2001, are examples of the application of geoindicators. These 
geoindicators reflect changes of landscape (coastal erosion, developmet of karstic 
sinkholes, landslides) and groundwater (quantity and quality). One of the most 
representative geoindicators deals with sulphatic karst, which is a very complex process 
affecting the landscape and the underground environment.   

DYNAMIC KARSTIC LANDSCAPES  

Karst is a type of landscape found on carbonate rocks (limestone, dolomite, marble) or 
evaporites (gypsum, anhydrite, rock salt) and is typified by a wide range of closed 
surface depressions, a well-developed underground drainage system, and a paucity of 
surface streams (Tools…, 1996, Beck, 1989). Karst is currently called a particular kind 
of landscape where landforms due to solution processes are prevailing on other kinds of 
landforms (Ford & Williams, 1989; Jennings, 1985). The highly varied interactions 
among chemical, physical and biological processes have a broad range of geological 
effects including dissolution, precipitation, and sedimentation and ground subsidence. 
Diagnostic features such as sinkholes (dolines), sinking streams, caves and large springs 
are the result of the solution action of circulating groundwater, which may exit to 
entrenched effluent streams.  

It is estimated that karst landscapes occupy up to 10% of the Earth's land surface, and 
that as much as a quarter of the world's population is supplied by karst water. The karst 
system is sensitive to many environmental factors. The presence and growth of caves 
may cause short-term problems, including bedrock collapse, disparities in well yields, 
poor groundwater quality because of lack of filtering action, instability of overlying 
soils, and difficulty in designing effective monitoring systems around waste facilities.  

Gypsum is a very soluble mineral, which can dissolve at a rapid rate. Where natural 
dissolution of exposures has occurred adjacent to rivers it is common for one meter of 
gypsum to be dissolved away in a year or so. Where this dissolution has occurred or is 
occurring, underground cave systems can develop such as those explored in the Ukraine, 
Germany and Spain. Because the dissolution rate is so rapid, gypsum cave systems can 
enlarge at a considerable rate, ultimately become unstable, and collapse causing 
subsidence problems at the surface. The mechanism of collapse causes sub-vertical 
breccia pipes to develop with subsidence hollows where these break through to the 
surface. 

In most countries where gypsum occurs in contact with water there are associated 
subsidence problems. In farmland these are inconvenient, but in urban areas they 
constitute a geological hazard that can seriously affect development and human safety. 
Gypsum geohazards affect the towns of Birzai and Pasvalys in Lithuania, Ripon and 
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Darlington in England (Paukstys et al., 1997). Elsewhere in Europe gypsum geohazards 
are present in many towns and cities. Some of these areas may be the sites of future 
roads, reservoirs or urban growth. Thus, an appreciation of gypsum geohazards and 
monitoring of its intensity is important for planning and development on a national, 
provincial and local scale. 

NORTH LITHUANIA KARST REGION 

At present, the karst process is intensively developing in North Lithuania with some in 
South Latvia (Figure. 1). It is related to the Upper Devonian gypsum and dolomites that 
occur beneath the Quaternary sediments (Narbutas et al., 2001). 

Karstic sinkholes appear frequently where the Quaternary is particularly thin and 
underlain by gypsum. Active karst landscapes are highly vulnerable and complicate the 
regional economic development and the protection of nature. This hazardous 
phenomenon severely impacts construction, crops, pipelines etc. by creating suddenly 
collapsing ground and opening karstic sinkholes.  

Where the Quaternary deposits are 1–5 m thick, sinkholes are abound in ever increasing 
numbers. Ground collapse usually affects the Quaternary cover and permits ready 
recharge of surface water into the Upper Devonian aquifers.  

During the last decades of 20th century the karst sinkhole process was observed more 
frequently; damaging communication systems and buildings in many places.  

Figure 1. Intensive karst zone in Lithuania and Latvia 
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Systematic monitoring of sulphate karst in Lithuania was carried out from 1994–2005 
and included hydrological and hydrochemical observations of surface and underground 
runoff, analysis of long-term meteorological data, and tracking changes of karst relief 
(Taminskas & Marcinkevicius, 2002). While evaluating the karst intensity it is necessary 
to distinguish two related processes: chemical denudation and formation of surface karst 
forms. Variations of the intensity of these processes may not coincide, though the more 
frequent occurrence of sinkholes is an outcome of former rapid karst denudation close to 
Earth's surface. 

Karst pits, karst wells and kettles, sinkholes, etc. comprise the surface karst landscape. 
Underground forms, which are unevenly distributed, include fissures, channels and 
cavities of various shapes. More than 8500 surficial sinkholes were counted in the 
sulphatic karst region of Lithuania (Marcinkevicius & Buceviciute, 1986). In some 
places more than 200 sinkholes of different size, can be counted in an area of 1 km². 
Some sinkholes are permanently or seasonally filled by water – karst lakes. Karst lakes 
and dry sinkholes make natural drainage systems, via which precipitation, snow melting 
and overland flow access Upper Devonian gypsum layers. 

IMPACT OF CLIMATE CHANGE TO KARST DENUDATION 

Since 1850 the annual mean and maximal temperature in the karst region has been 
constantly increasing (Lizuma, 2000). Air temperature observations in active karst zone 
were started only in 1924, but we can observe a trend of air temperature increasing and 
during this period (Figure 2). Significant increasing of mean annual temperature is 
observed since 1990 (6.8 °C).   

Figure 2. Mean annual temperature 
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Particularly significant increasing of winter season temperature near ground surface was 
observed during last decades of 20th century. A particularly distinct warming of the air 
temperature has been observed since the 1960. In period 1961–1990, compared to 1931–
1960, the mean temperature of January and February increased in the karst region by 
0.5 °C (Bukantis et al., 1998). 

Mean temperature in summer was decreasing until 1980, but later it started to increase. A 
significant increasing of annual, winter and summer temperatures were observed in 
1994–2004. Increasing air temperature, both during cold and warm season influenced 
other hydro meteorological characteristics and solubility of gypsum. Atmosphere 
circulation changes determine changes of other climatic characteristics. During the 
above-mentioned period significant changes of winter precipitation, thickness and 
duration of seasonal freezing were observed. Mean depth of freezing decreased from 42 
to 30 cm. Because of shorter duration of seasonal freezing, period of active water 
circulation became longer and more frequent thaws increased winter surface run-off to 
karst lakes and sinkholes.  

Under normal conditions the concentrations of Ca, SO4, Mg, HCO3 ions in the 
Lithuanian surface waters rarely exceed following limits: Ca – 180 mg/l, SO4 – 100 mg/l, 
Mg – 40 mg/l. However, in the karst landscape these concentrations are often higher. The 
Ca, SO4, Mg, HCO3 ion concentrations were determined 6–12 times per year in the 
monitoring system of the karst area (Taminskas & Marcinkevicius, 2002). On the basis 
of calculations of the amount of gypsum dissolved and carried out by the water run-off 
from the karst region the intensity of gypsum denudation in the karst region of North 
Lithuania was evaluated. Analysis of chemical indices of samples revealed the type of 
karst denudation (sulphaticate, carbonaceous, sulphatic-carbonaceous) and the intensity 
of karst denudation. The calcium and sulphates anomalies allowed mapping of the zone 
of sulphatic karst, whereas the magnesium and hydrocarbonaceous anomalies showed the 
zone of hydrocarbonaceous karst. On the basis of all obtained results the maps of active 
karst zones were compiled. 

The average gypsum denudation over the period 1962–1977 in River Tatula basin was 
117 m³ from 1 km². Since 1978 gypsum denudation has considerably increased. The 
measured average gypsum denudation in 1994–1999 was 217 m³ from 1 km² (Taminskas 
& Marcinkevicius, 2002). During 2000, 2002 and 2003 intensity of gypsum denudation 
slightly decreased, but in 2004 it increased again up to 245 m³ from 1 km² (Figure 3). 

The large number of sinkholes that formed during the last two decades of 20th century 
and the first 4 years of the 21st century let us consider the fact that significant gypsum 
dissolution can occur during even very short period. 
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Figure 3. The intensity of gypsum denudation in karst region of North Lithuania evaluated as 
amount of gypsum dissolved and carried out by the water run-off from the karst region  

In the period 1961–1970, in the study area of 10 km² there appeared annually 6 large (up 
to 20 m in diameter) sinkholes, in 1971–1980 – 11, in 1981–1997 – 9 sinkholes. Thus, 
the 1970s stand out as a period of the most intensive formation of large sinkholes. This 
might have been induced by an abrupt increase of the amount of precipitation in 1977 
after a long period of dry years and by very intensive water circulation between surface 
and groundwater.  

The average volume of a sinkhole of 10–20 m in diameter is approximately 200 m³ 
(Taminskas, 1999). Thus, the total volume of new sinkholes that appeared annually per 
1 km² in 1961–1970 was 120 m³ per 1 km², in 1971–1981 – 220 m³ 1981–1997 – 170 m². 
The total volume of new sinkholes is similar to the volume of dissolved gypsum 
determined by the way of hydrochemical monitoring (Taminskas & Marcinkevicius, 
2002).  

DISCUSSION AND CONCLUSIONS 

During the last two decades of 20th century and first years of 21st century more intensive 
karst process is witnessed in North Lithuania. Explanation and forecast of these 
hazardous phenomena requires proper knowledge that must be based on systematic 
monitoring data and adequate interpretation. Therefore identification of relevant 
geoindicators of the intensive sulphate karst process is of primary significance for the 
environmental planning and management of the region. The geoindicator – gypsum 
chemical denudation has been selected for the monitoring of North Lithuania karst 
process. The chemical denudation has been measured since 1964 in this region.  
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According to this geoindicator it was determined that since 1978 the intensity of karst 
denudation increased by 30% and this was a reason for the more frequent formation of 
sinkholes. The correlation of this phenomenon with climate changes, increasing air 
temperature and a decrease of seasonal frozen ground duration, is considered as the main 
reason for the increase in sinkhole formation. Therefore, climate is the main driving 
factor of development of karst process that constrains economic use and environmental 
management of karstic areas. So, the karst denudation geoindicator reflects 
environmental changes on broader scale.  

The average gypsum denudation over the period 1962–1977 in North Lithuania karst 
area was 117 m³ from 1 km². Since 1978 gypsum denudation has considerably increased. 
The measured average gypsum denudation in 1994–1999 was 217 m³ from 1 km².  

The karstic denudation evaluated by amount of gypsum dissolved and carried away from 
the karstic area by surficial run-off was identified as the simplest but most 
comprehensive geoindicator of such complex processes as sulphatic karst. The karstic 
denudation geoindicator reflects the intensity of the karstic process and probability of 
formation of surface karst forms. Variations of the intensity of denudation and formation 
of surface sinkholes may not coincide, though the more frequent occurrence of sinkholes 
is an outcome of former rapid karst denudation close to Earth's surface. 

Geoindicators should be simplified and commonly understandable measures of 
geological processes, that usually is of very complex nature and normally are 
characterised by a number of parameters. Therefore the added value of geoindicators is 
their applications for communication of geoscientists to environmental managers, policy 
makers and the broader public.  
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INTRODUCTION 

Geological boundaries do not usually coincide with the borders of states. The use of 
subsurface resources, pollution of groundwater and changes of landscape in the border 
area of one state could influence the subsurface environment of the neighbouring 
country. In general, groundwater is an especially sensitive element of subsurface 
resources and the environment. Its resources are formed in extensive areas by recharge 
and could flow, crossing the administrative borders. Pollution or changes of 
hydrodynamics of the groundwater due to its extraction or mining of mineral resources 
could impact the quality and resources of groundwater over cross-border territories. It 
could make an impetus for hazardous geological processes such as karst or erosion. 
Therefore knowledge of geological structure, potential processes and environmental risks 
is essential for sustainable use of cross-border areas and cooperation between 
neighbouring states (Satkunas & Graniczny, 1997; Podemski 2005). The cooperation in 
cross-border territories is also very important for the implementation of the principles for 
a spatial development policy and could contribute to the reduction of environmental 
pollution and secure environmental capacities of international significance (Graute 1995; 
Satkunas 1996). 

In spite of number of international conventions (e.g. ESPOO, International waters, Long 
range transboundary pollution, Combat with desertification etc.) that recommend and 
stipulate international environmental cooperation, no positive action can be undertaken 
without coordinated geoscientific databases, maps and other sets of information that 
extend over international borders. 

 ENVIRONMENTAL GEOLOGICAL FACTORS IN CROSS-BORDER AREAS 

There are number of environmental geological factors that play an important role in the 
cross-border areas. One of very well known factor is the transboundary occurrence of 
mineral resources that often causes both politically and environmentally complicated 
situations.  
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The Baltic Sea is a particularly sensitive area of Northern Europe in terms of 
environmental vulnerability. The largest oil field in the Baltic region (D-6) in the Russian 
part of the Baltic Sea offshore is located just 7 km from the Lithuanian border and 22 km 
to West from Curonian Spit, that is a national nature reserve and UNESCO World 
Heritage Site. Despite safety for the D-6 project amounting to 6 million US$, Lithuanian-
Russian agreements on monitoring, cooperation in case of accidents, pollution 
prevention and damage reparation are not yet concluded. Only a joint Lithuanian-
Russian Environment Impact Assessment, leading to the proper risk assessment based on 
comprehensive geoscientific data can assure the environmental safety and minimal 
environmental impact to the area on both sides of Lithuanian-Russian border.  

The natural hazards, particularly earthquakes, tsunamis, volcanic eruptions are 
phenomena that usually manifest themselves across state borders. Europe and the Central 
Asia Region are exposed to a wide range of natural hazards encompassing areas with 
different regional vulnerability to natural hazards. Apart from well known active seismic 
areas (Turkey, Albania, Armenia etc.), tectonically apparently stable territories can be 
affected by unexpected seismic events (World Bank 2004). 

A set of geoenvironmental factors in cross-border areas could be exemplified by Central 
America where they deal with seismicity, volcanism, exploitation of geothermal energy, 
landslides, water-shed management and mitigation of geohazards (Graniczny 2005). 

EL Salvador, Nicaragua and Costa Rica have several noteworthy geothermal projects in 
Ausoles, Momotombo and Miravalles volcanoes, respectively (Castillo, W. pers. com.). 
In all cases, some faults systems exist in the volcanic caldera and exploitation of the 
geothermal energy can affect stress and strain condition of geothermal reservoir. The 
exploitation of geothermal energy can affect seismicity conditions in the cross-border 
areas as well. For example, in Costa Rica the Instituto Costarricense de Electricidad 
(ICE) has been monitoring Miravalles geothermal field for more than 15 years. 
Seismicity has been increasing since year 2000 (exploitation started in 1994) and reaches 
more than 100 micro-earthquakes (ML≤ 3.4) in ten months. The magnitude and depth 
range also has been increasing. A small area (5 km2) in an exploitation field has a 
subsidence of 5 cm from 1999 to 2003; this is a normal behaviour and is probably related 
with tectonic setting (volcanic caldera).  ICE has two more geothermal projects under 
construction close to Rincón de la Vieja Volcano and it is very important to understand if 
those geothermal exploitations are capable of inducing seismicity. Magnitude of the 
maximum probable earthquake related with the local faults (M ML≤ 5.0) could affect 
some small villages located around projects areas.  
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The volcanic risk in Central America can be exemplified by the El Chinco Volcano, 
which is located in the Honduras-Guatemala cross-border area.  

Landslides are regarded as very important geohazards in the Panama – Colombia cross-
border area (Chichaq, per.com,). Complex tectonic setting can cause subduction, and in 
case of seismic shocks can trigger landslides. High voltage power lines are transporting 
220 000 watts between Costa Rica and Nicaragua and the rest of the Central American 
countries. Many towers are located on the top of hills and mountains, and it is necessary 
to identify all places where there exists a very high possibility of landslides and reduce 
this risk.  

In spite of high exposure to natural hazards, geoenvironmental studies particularly in 
cross-border areas are very few in Central America. There is practically no existing 
monitoring projects in cross-border areas, except seismological monitoring in regional 
scale carried out by INETER (Instituto Nicaraguense de Estudios Territoriales), CASK 
(Central America Seismic Centre), University of Costa Rica Seismic Network (UCR), 
National Seismic Network (Panama), Colombian Seismic Network (INGEOMINAS).  

Many examples of cross-border geoenvironmental problems and factors shaping spatial 
development can be reported from many other regions as well. For instance, the water 
crisis in the Gaza strip, caused by the rapid growth in population and dependence upon 
the groundwater as a single water source (Israel and Palestinian Authority share several 
groundwater basins), strongly influences the political stability and economic 
development in the region (Weintahl et al 2004). With this concern, the joint water 
management scheme could be regarded as one such a solution. Nevertheless, 
geoenvironmental data and measurement procedures frequently differ in adjacent 
countries owing to lack of common measurement techniques and the too-often national 
restriction of near- and cross-border geoscientific data.  

Geoscience investigations in transboundary regions should focus on carefully 
documenting and managing resource development coupled with minimizing negative 
environmental impacts. This is particularly apparent where geological resources in 
border regions are exploited by one country, often resulting in deleterious environmental 
impacts to adjacent, less-developed countries. For example, extraction of natural 
resources in southern Africa and the resulting industrial emissions have led to 
widespread dispersion, often crossing international borders, of sulphur dioxide, nitrous 
oxides, carbon dioxide, carbon monoxide and other air and groundwater pollutants 
(Nyambe 2004). 
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Radioactive and heavy metal pollution and other environmental hazards are widespread 
and increasing rapidly in Central Asia (e.g. in the areas crossed by transboundary 
waterways in Fergana Valley) (Aitmatova 2004). Hazardous natural and anthropic 
processes, usually caused by poorly engineered mine tailings and waste dumps often 
leads to the release of toxic elements into water reservoirs, soil and air that ultimately 
damages the natural environment and may have major health consequences for the local 
population. Unfortunately, except for a few local government policies, there are no 
regional agreements about methods to properly measure and mitigate cross-border, air 
and water pollution in either the southern African or the Central Asian regions. 

CROSS-BORDER COOPERATION IN THE FIELD OF GEOLOGY AND 
GEOENVIRONMENT 

The joint Polish-Lithuanian programme of environmental geological research “Belt of 
Yotvings – fragment of Green Lungs of Europe” was launched in 1992. This programme, 
carried out by the Polish Geological Institute (PGI) and the Lithuanian Geological 
Survey (LGT) deals with the collection of all information significant for assessment of 
geological environments, resources and possible hazards in order to ensure sustainable 
use of the subsurface and better living conditions for the population. The Green Lungs of 
Europe, covering the most valuable natural areas of Poland, Lithuania, Latvia, Estonia, 
Belarus and Ukraine, are to be a model area with uniform research techniques and an 
integrated approach to the evaluation and management of natural resources. 

The outcome of the first phase of cooperation was presented in the form of the „Atlas – 
Geology for Environmental Protection and Territorial Planning in the Polish-Lithuanian 
Cross-border Area” (Atlas 1997). This atlas, printed at a scale of 1: 500 000 presents 
synthetic geological, geomorphological, geochemical, radioecological, hydrogeological, 
mineral resources and other environmental geological data intended for environmental 
protection and territorial planning of the cross-border area.  

One of the most vulnerable elements of geological environment is groundwater. In 
Lithuania and neighbouring territory in Poland groundwater is the only source of potable 
water. Therefore the joint groundwater monitoring in the Polish - Lithuanian cross-border 
area was launched in 1994 (Giedraitien et al. 2002). Monitoring system consists of 24 
monitoring stations. 20 of them are installed into Quaternary intertill aquifers, which are 
the main fresh water supply sources for centralised use and individual residents. 
Hydrochemical sampling was performed twice a year (spring and autumn) during 7 years 
with determination of macrocompounds.  
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The type of the land use is assumed as a possible reason for hydrochemical differences 
on both sides of the border. Composition of groundwater on the Lithuanian side could be 
influenced by the anthropogenic impact related to soviet type collective farming (until 
1991). Monitoring results show trends of SO4

2+ and Cl- ions increase on both sides of the 
border during the monitoring period. The data demonstrate importance of cross-border 
monitoring and exemplify groundwater chemistry as direct geoindicator of the 
environmental state.  

At present joint investigations in the Polish – Lithuanian cross-border areas are 
concentrating on: 

 land use analysis and its changes (scale 1:100 000), based on Landsat TM images 
interpretation, in respect to soil and groundwater pollution; 

 studies of geodynamics of Baltic coast – investigations and observations with 
applications of modern cartographic techniques; 

 geochemical monitoring in selected areas of the cross-border area; 

 continuation of  the groundwater monitoring; 

 inventory of pollution sources; 

 updating of the geotopes database and its implementation in Internet; 

 elaboration of geo-hazard map at a scale 1:200 000 (exogenic and endogenic factors) 
of the Polish-Lithuanian border zone.  

The cross-border cooperation led to the strengthening of LGT - PGI cooperation in 
general and resulted in methodological exchange, numerous joint publications and 
presentations in international conferences, scientific studies, new project ideas etc. The 
joint research led to promotion of geological resources in the cross-border context. For 
example, the geological touristic values, elucidated in this picturesque area, now serves 
as information background for attracting tourists and organising thematic excursions. The 
integrated geoenvironmental data were positively evaluated by spatial planners and 
implemented into various development plans.  

The perspective of the Polish-Lithuanian cross-border studies is Internet based joint 
geoscientific enterprise, covering all aspects of subsurface and acting on request. The 
main goal of the operation is the application of geological data for sustainable 
development. 



Sustainable Development of Geo-resources and Geo-environment 40 

CONCLUDING REMARKS 

The worldwide rapidly growing demand in energy supply needs a sustained effort in 
exploration and exploitation of new subsurface energy infrastructures. Only well 
coordinated use of the Earth’s underground spatial resources for the gas and CO2 storage, 
nuclear waste disposal, underground production and storage of geothermal energy in the 
cross-border zones can enable the efficient transition towards a sustainable energy future.  

Environmental geological data are of particular importance for sustainable development 
of cross-border areas; however joint geonvironmental studies of neighbouring countries 
yet are very few. Understanding this the Working Group on International Borders – 
Geoenvironmental Concerns (IBC) under the umbrella of the IUGS Commission on 
Geosciences for Environmental Management (GEM) was established in 2002 in order to 
encourage and promote interdisciplinary cooperation across international borders 
(onshore and offshore) for the efficient application of geoscientific information in 
environmental planning, ecosystem monitoring and environment impact assessment in 
cross-border areas, thus securing the sustainable use of subsurface resources, the quality 
of the environment and the mitigation of geological hazards. 
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Sustainable Use of Natural Resources with Special Emphasis on 
Bedrock Materials 
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INTRODUCTION 

For society at large, geoscientific information is of vital importance. In particular this 
concerns maps showing natural resources such as ores, minerals, rock, groundwater, 
gravel, sand and clay, intended for use when planning, prospecting, exploiting, mining, 
and excavating. When the information is detailed and accurate, correct decisions can be 
made. Environmental geology concerns the intersection between geology, i.e. bedrock, 
soils, groundwater, and also human activity. There is a growing demand in applied 
geology for thematic and environmental geological maps and as a consequence an 
increasing interaction and collaboration between geology, engineering geology, 
geotechnics and civil engineering. International organisations, such as IAEG, ISRM, 
ISSMGE, are increasing their co-operation for common efforts to make their important 
work more publicly visible and to have an appropriate influence in society. The 
integration of different geoscientific information sheets is highly desirable, as this is 
leading to increased knowledge. 3-4D treatment of all these data stored in databases is 
inevitable. Large-scale infrastructure schemes (including underground works) in densely 
populated, urban areas increase the need for and importance of such investigations even 
more. This makes the interaction between geology and engineering geology substantial, 
not least regarding the excavation of tunnels and caverns, i.e. underground planning in a 
wider sense. 

A continued urban growth and increased infrastructural activities, including tunnelling, is 
obvious for the future (Opening statement by A. Haack 2001, International Tunnel 
Association, ITA, Open Session 2001, World tunnel congress, Milan, June 10-13, 2001). 
He stated that during the next 10 years the European tunnel market faces about 2 100 km 
of traffic tunnels, the Asian market 2 350 km, South America 650 km etc. Furthermore, it 
is believed that in 2015, 55% of world population will live in cities and even 10% in 
megacities, corresponding to cities of more than 15 million inhabitants. An increased 
underground activity means vast amounts of excavated rock materials. For the planning 
of roads, railways, tunnels etc., an early classification of the geological and engineering 
geological properties as well as the natural resources is needed. Construction materials 
are of a major and growing importance to society. Basic knowledge of the geological and 
engineering geological conditions, including the bedrock mass, is necessary for planning 
and excavation. Qualified and detailed investigations of natural resources, covering areas 
large enough for a true understanding of the geological relationships, are essential. It is 



Sustainable Development of Geo-resources and Geo-environment 44 

still difficult for many people, including decision-makers, to see the link between 
extraction and ready products. They only confront the problems when they turn up in 
connection with quarrying and mining. The environmental work has been mainly 
concentrated on the handling of existing problems but it is just as important to prevent 
problems from arising. It is of utmost importance to society that the natural resources, 
including by-products, are used in a correct way and that the right material for the right 
purpose is chosen. This has decided economic, social and environmental consequences. 
Bedrock materials are in this context used in a wide sense including sand and gravel, as 
the latter are mineral aggregates as well. 

INTERNATIONAL WORK 

European initiatives, activities and directives taken by the European Commission are 
important and will in different ways affect society and naturally the Geological Surveys 
in Europe. Twenty-five of the Geological Surveys in Europe are co-working in the 
association EuroGeoSurveys, EGS, based in Brussels. The main aim is to provide the 
European institutions with expert neutral, balanced and practical pan-European advice 
and information as an aid to problem-solving, policy, regulatory and programme 
formulation. Natural resources, infrastructural work, geohazards, environmental 
problems etc. have to be considered in a wider international context. The following are 
among the different activities and initiatives in the EU; Global Earth Observation (GEO, 
2005-2015, http://earthobservations.org), Sustainable development 
(http://europa.eu.int/comm/sustainable/pages/consult_en.htm), Sustainable use of natural 
resources strategy (Soils Thematic Strategy and Strategy on the Sustainable Use of 
Natural Resources, 2006 – 2030, (http://www.europa.eu.int/comm/environment/), GMES 
(Global Monitoring for Environment and Security, 2004 – 2008, http://www.gmes.info), 
INSPIRE (Infrastructure for Spatial Information in Europe, 2005-2006 Preparatory 
Phase, http://inspire.jrc.it/proposal/EN.pdf, http://www.ec-gis.org/inspire/), European 
Water Initiative, Water Framework Directive (from 2002, 
http://www.europa.eu.int/comm/environment/water/water-framework/index_en.html), 
Soils (http://europa.eu.int/comm/environment/soil/index.htm), Mineral resources 
(integration of data on mineral resources, development of mineral intelligence capacity, 
co-operation with developing countries, 
http://www.europa.eu.int/comm/enterprise/steel/index.htm) and FP 6 - 7, 
http://europa.eu.int/comm/research/fp6/index_en.html). Mineral resources are given 
more and more attention, as they are now also realised by decision-makers as completely 
necessary for a developed society and a lack of certain minerals in the world is already a 
fact.   

The processing and test methods of bedrock materials are usually defined in national 
standards. International work has continuously been going on creating EN (European 
Committee for Standardization) or ISO (International Organization for Standardization) 
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standards which are successively replacing the national standard. Standards exist or are 
under work for; aggregates and natural stone, description of rocks and soils, geotechnical 
methods etc. The testing procedures of aggregates are improving but do not always 
ensure that the aggregates will perform well. It is, however, necessary to have common 
standards in international infrastructural works. Standards give safer products and are 
also essential for international trade and exchange.  

International work is of great importance and benefit. An aggregate commission under 
the realm of IAEG (International Association for Engineering Geology and the 
Environment) has been working for 6 years with members from about 30 countries 
(http://www.iaeg.info). A technical report part 1 will, in the near future, be published on 
the website. The commission is open for all interested.  

ENVIRONMENTAL GOALS 

An ecologically sustainable Sweden by 2020 promotes human health, preserves 
biological diversity, cultural and historical assets, maintains the long-term productive 
capacity of ecosystems and ensures prudent management of natural resources. Fifteen 
established qualitative environmental goals for life include the goal ”A good urban 
environment”, which in turn involves natural resources, gravel, sand and crushed 
bedrock. Geological and general conditions vary greatly from country to country and 
thus in their use of different geological materials. In Sweden, the extraction of sand and 
gravel, which was the most common source of material some years ago, is now restricted 
by law for environmental reasons. The Swedish government has decided targets for the 
deliveries of aggregates. In 2010 the deliveries of sand and gravel should not exceed 12 
Mt and the share of recycled material must be at least 15% of the total. In Sweden and 
Finland, as in many other countries, the use of crushed bedrock is increasing, demanding 
qualitative investigations. In 2003 a total of 71.3 Mt aggregates was delivered in 
Sweden. The share of sand and gravel has continuously decreased and reached about 20 
Mt or about 28% of the total. In comparison, in 1984 the total of sand and gravel 
amounted to 82%. It has not been common to use marine or flood aggregates and the 
extraction has nowadays ceased. This restrictive position is the same in many countries, 
e.g. USA, but on the other hand marine and flood aggregates are commonly extracted in 
other countries, such as Belgium, Denmark, Korea, the Netherlands, Hungary and 
Romania. There has been an increase in the recycling of materials. Materials from roads, 
pavements, railway trackbeds, concrete and construction sites are reused. The way a 
country plans its resources is thus essential. Inventories and investigations of the natural 
resources are in great demand, not least for the optimal siting of pits or quarries. Since 
the quality requirements for top standard roads, railway trackbed and concrete materials 
differ in some respects, requiring different properties, the opening of new quarries should 
raise questions such as the uses for which the materials are intended. The transport 
distances are very important, the higher quality the longer distances are possible. 
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Besides, nowadays reloading and stockpiling of material are generally avoided. The 
consideration of these aspects is of great economical and environmental importance, as 
society pays more and more attention to these approaches.  

ROCK MATERIALS 

Rock materials and their heterogeneity are not easily understood and described. General 
properties of different rock groups are presented in the majority of textbooks. The 
technical properties of the different rock groups presented very often overlap each other 
giving no real valuable information. In many investigations and aggregate inventories it 
has moreover very often been found sufficient to speak in terms of the general properties 
of rock groups, such as granites, gabbros, gneisses etc., as if they have identical 
properties, which is quite misleading. The variation in properties, e.g. of different 
granites, should instead be carefully explained. There is instead a great need for 
compilations of the variation of properties of different rocks or rock materials and an 
explanation of the differences instead of generalisations. In fact this work is also in 
progress in many countries. The geological, structural and metamorphic history of the 
rocks has a significant impact on rock quality. Similar rock types in the crystalline 
basement of Sweden show a good deal of variation in their rock mechanical properties 
even at small distances, e.g. macroscopically similar rocks in a quarry. Ductile as well as 
brittle deformation has effects on the rock properties and is a subject for further 
investigations. The effects are apparently both positive and negative, as deformation may 
affect rock quality in different ways. Microcracks, joints and sets of joints, fracture zones 
and faults are examples of brittle structural elements that constitute heterogeneities in the 
bedrock. However, jointing may define blocks of suitable size for mining of dimension 
stone or aggregates. Suitable is a variable term, depending on the final use of bedrock. 
Complex grain boundaries or a high total grain size distribution are usually advantageous 
to rock strength. In some cases a decrease in rock strength with increasing deformation is 
evident in spite of partly diminishing grain sizes. The weathering of rocks and 
deterioration of minerals, severely affects rock strength. Even minor deterioration has 
effects. There is a tendency that rocks rich in dark minerals have a successively lower 
resistance against abrasion but higher concerning brittleness. It is also known that the 
polished stone values (PSV) of basic rocks may be good despite high Nordic test for 
studded tyres values (STT; lower resistance to abrasion). This is important, as the 
common use of studded tyres during the long winters in Scandinavia has over the years 
prompted an increased use of hard, fine-grained, quartz-rich rocks, mainly metavolcanic 
rocks and quartzites. The changeover to friction tyres and lightweight studs has reduced 
the wear on road surfaces, but has instead resulted in an increased polish. Polished road 
surfaces have caused some traffic accidents. The polishing effects on roads have 
consequently become more and more interesting to study. A high quartz content seems 
usually to favour a good quality (resistance to abrasion) whereas high mica contents, 
especially combined with an anisotropic structure, yield poor values of abrasion 
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resistance. Thin sections of rock types are important to study to discover deformed, 
strained quartz that can cause alkali silica reactions (ASR). Special attention must be 
paid to mylonites and volcanic rocks. If such material is mixed in concrete, the latter may 
be damaged. Quartz and mica contents and the existence of sulphides and graphite must 
also be noted. Another aspect, which surely will attract more and more attention in the 
future, is the radiation properties of rock materials. Image analyses are of great 
importance for the interpretation of textures and grain sizes. Lindqvist & Åkesson (2001) 
presented a literature review. 

PROPERTIES OF ISOTROPIC VS DEFORMED CRYSTALLINE ROCKS IN 
SWEDEN 

Precambrian crystalline rocks are frequently more or less deformed. A research project 
comparing isotropic and deformed rocks in the Swedish Precambrian has been performed 
at SGU. The results are presented in two international journals (Göransson et al. 2004 
and Persson & Göransson, in print). Geological evolution has caused a structural and 
metamorphic overprint of the material, making it very complex. Both ductile and brittle 
deformation affects the quality of the rock material. Many of the rock mechanical 
analyses are constructed to reproduce natural conditions. The results are not always easy 
to interpret and can contradict each other owing to a heterogeneous rock material and it 
is necessary to consider the end use for the rock material. In this research project a 
comprehensive study of various parameters of importance for bedrock quality was 
performed on all samples, e.g., Nordic test for studded tyres (STT) and Los Angeles 
Impact (LA) tests, uniaxial compressive strength (UCS), ultrasonic velocity (UPV), 
length/thickness index (LT 3 and LT 5) indicating the shape of the grains, perimeter 
measurements as well as petrographic and chemical analyses. However, further 
investigations must be carried out, especially on isochemical rocks, being sure that 
original differences, e.g. high amounts of different minerals, in the bedrock material 
instead of deformation, are not causing the variation in rock strength.  

BEDROCK QUALITY INVESTIGATIONS 

Bedrock investigations are performed in Sweden to some extent in order to evaluate the 
bedrock resources. The bedrock quality investigations performed by SGU provide 
information for the construction industry but also planners about such characteristics as 
the use of bedrock as construction material and for planning infrastructure including 
tunnelling and other underground works. The methodology has been developed by 
Persson & Schouenborg, for example described 1996. Bedrock Quality Maps and 
databases are thus produced, which show how bedrock can be used as aggregates for 
roads, railway trackbed and in concrete production and they are complements to the 
regular bedrock maps on the scale of 1:50,000. The information presented is 
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continuously discussed with the users, consequently leading to better products and it has 
been very well received by the users. The investigations are now covering parts of the 
most densely populated areas and along planned infrastructural works in Sweden, 
although much remains to be done.  

A field check of the main rock units is made, usually in at least 40 - 50 localities per 
map-sheet (625 km2) depending on the complexity of geology. Thin sections and 
petrographic analyses are produced from each locality. The orientation of joints and sets 
of joints is measured, and jointing is estimated (number of joints per metre). An 
interpretation of lineaments is made, for which the height database on the scale of 
1:50,000 is used. Lineaments are also interpreted from anomalies in the magnetic and 
electromagnetic (VLF) surveys. The VLF map shows electrically conductive horizons in 
bedrock, e.g. water- or graphite-bearing zones. These are weakness zones in bedrock. 
Electrical conductive minerals such as graphite should not be used for railway trackbed. 
The Bedrock Quality Maps show structural trends of schistosities and also potential 
weakness zones in bedrock along which the rock falls apart when extracted. Radiation is 
measured in each locality and on different rock types. A scintillometer and a 
spectrometer are used to measure U, Th and K and the overall gamma radiation in 
outcrops. Rock material is taken from quarries and blasted road-cuts, and if possible 
from tunnel construction sites. Nordic test for studded tyres (STT), Microdeval method, 
Los Angeles (LA) tests are made, all according to European standards. Point load 
indexes have in some cases been performed. Thin sections of all rock types have been 
studied regarding aspects of alkali silica reactivity, ASR. Grain size and grain boundaries 
are studied in detail. It is also important to study the decay of minerals. Owing to their 
high sulphide content, some rock materials should be tested before being used for 
concrete. Rock samples have been classified for three purposes: road construction 
(mainly wearing courses), railway trackbed construction, and concrete (methodology by 
Persson & Schouenborg 1996). The classification of the rock material for roads 
(pavements) is based on the requirements of the Swedish National Road Administration. 
The requirements for the use of aggregate as railway ballast are laid down by the 
Swedish National Railway Administration. Quality for concrete classification is based on 
petrographic analysis, mineral composition, grain size, grain boundaries, structure, 
porosity, the degree of weathering and the presence of sulphides and alkali-silica reactive 
material, here mainly highly deformed quartz. Radiation measurements are performed 
and the radium index is calculated. Radioactive aggregate material can usually be used in 
roads and railway but not in concrete.  
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CONCLUSIONS 

The planning of natural resource management implies economic, social as well as 
environmental benefit. The use of the right material for the right purpose is highly 
advantageous. Consequently, before a quarry or pit is opened, the aggregate resources 
should be known, as well as the purposes for which the material is intended. For sure the 
aggregate mining, like all other mining activities, will have impact on the entire 
environmental system. All rock types may be used, even those with inferior properties if 
they are used in appropriate places. For example, various gneisses and rapakivi granites 
with lower quality are used in Finland, as these may fulfil given requirements instead of 
using high quality materials which has been common. Consequently, the term waste 
material is no longer used. Instead the term by-product is relevant, as all material can be 
used in one way or another. In Finland and Sweden by-products from dimension stone 
quarries are used as armourstone (construction material for dams, river embankments 
and harbours etc.) and the final remnants as aggregates. This is also the case in e.g. Italy, 
where by-products are used in roads and railway trackbeds. Material from infrastructural 
activities, such as cuts for roads and railways, and underground works, tunnels and 
caverns, should also be classified and used in a proper way. Long transportation can in 
this way be avoided. An immediate classification that is aware of the destination for the 
material, avoiding excessive stockpiling and reloading, is highly favourable. Stockpiling 
of material has in some cases in Sweden caused leaching of pollutants to the 
groundwater. Recycled and alternative materials are used more and more in society. Rock 
material from mines should be classified as well and used if possible (low contents of for 
example sulphides). 

Thus, a careful and detailed investigation of all natural resources of an area, a region or a 
country is necessary and must be stressed. As many infrastructural projects nowadays 
involve many countries, it is also an international co-operative task. All information on 
the available material resources must be gathered to make the right decisions in planning, 
preserving or excavating and using the material for construction. Detailed knowledge of 
the geoscientific and engineering geological conditions is quite essential to the success of 
projects. This total handling of all resources is highly advantageous to society.  
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A Mineralogical Quantification Method for Sand Concentrates 

Chang Se Won, Kim Wan Tae, Choi Hunsoo, Shin Hee Young & Lee Jae Chun 
Korea Institute of Geoscience & Mineral Resources, Korea 

  

Microscopic observations are essential for understanding the textures and identification 
of minerals in order to improve selective mineral separation during processing. A new 
combined method to quantify the mineralogical compositions of raw sand and 
concentrates from each subsequent separation process, using chemical composition and 
X-ray powder diffraction data, together with microscopic observations, is suggested in 
this study. 

The raw sand was taken from Ongguji, Jumoon-do, Gangwha-gun, Incheon. The 
concentrates were prepared by mineral processing which included screening, wet gravity, 
magnetic separation, and cross-belt magnetic separation. The raw sand and concentrates 
were studied by microscopic observation, X-ray powder diffraction, chemical analysis, 
hierarchical analysis for correlation coefficients, and mineral quantification by chemical 
composition and X-ray powder diffraction. 

The raw sand consists mainly of quartz, ilmenite, feldspars, biotite, and muscovite. 
Minor constituents are zircon, sphene, and rutile (Figure. 1). The feldspars are highly 
altered to clay minerals such as kaolinite. Hierarchical analysis of correlation coefficients 
for the chemical compositions of raw sand and of each concentrate (n=8) indicates that 
Mn belongs mostly to ilmenite. Judging from the microscopic observation and chemical 
composition, ilmenites in this study are considered to be Mn-ilmenite-hematite solid 
solutions. A possible grouping demonstrates five phases at least, that is, Mn-ilmenite-
hematite solid solution, zircon & barite, monazite & apatite, hematite, and Al-silicate. 

Heavy mineral compositions were calculated from chemical compositions by a stepwise 
procedure similar to norm calculations and the light mineral compositions were analyzed 
by SIROQUANT software for the X-ray powder diffraction data (Table 1). An MS Excel 
worksheet was used for the calculation of heavy mineral compositions. Mg/Fe ratio of 
the light minerals was estimated from the chemistry of the light mineral portions after 
wet gravity processing, whereas mol ratio of Mn-ilmenite and hematite was calculated 
from the chemistry of the ferromagnetic mineral concentrates after two stages of 
magnetic separation. 
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The changes of mineral compositions were assessed and compared for each step of the 
processing (Figure 2). As a result, Mn-ilmenite-hematite solid solution, sphene, and 
zircon were identified as economic heavy minerals, but it is suggested that another 
effective separation process is necessary for the improvement of recovery. 

 

 

Figure 1. Microphotographs of raw sand and concentrates, bt: biotite, hb: hornblende, hm: 
hematite, il: ilmenite, ms: muscovite, or: orthoclase, q: quartz, s: sphene, z: zircon.  
Left: open nicols under the polarizing microscope. Center: crossed nicols under the 

polarizing microscope. Right: under the ore microscope. 
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Table 1 Mineralogical contents (wt%) of raw sand and each concentrates, calculated from the 
combined method of norm and SIROQUANT. 

1 2 3 4 5 6 7 8 

 
Raw 
sand Heavy Light Magnetic Diamagnetic Ferromagnetic Paramagnetic Residue

Zircon 0.36 0.82 0.04 0.30 7.84 0.04 0.10 4.73 

Barite 0.01 0.17 0.02 0.07 1.45 0.03 0.10 0.97 

Monazite 0.01 0.11 0.01 0.08 0.04 0.01 0.38 1.07 

Mn-ilm-hm 
s.s. 21.78 69.45 0.48 74.27 0.13 85.04 16.14 0.16 

Sphene 9.26 16.35 3.64 15.36 7.43 11.05 18.11 32.95 

Magnetite 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Hematite 4.89 1.83 6.65 2.25 0.87 0.37 28.10 5.77 

Apatite 0.66 1.02 0.47 1.11 0.40 0.99 1.40 1.21 

N 

o 

r 

m 

Subtotal 36.98 89.75 11.30 93.44 18.17 97.52 64.32 46.87 

Quartz 37.73 4.02 57.16 2.06 40.20 0.73 9.42 25.38 

K-feldspar 4.28 3.52 3.40 1.36 36.34 0.00 4.50 6.37 

Plagioclase 0.00 0.00 0.00 0.00 1.17 0.00 0.00 0.00 

Mica 11.00 1.07 20.97 1.85 3.95 0.88 11.53 16.63 

Hornblende 0.23 0.91 0.00 0.70 0.00 0.53 4.11 0.75 

Kaolinite 9.78 0.72 7.17 0.59 0.18 0.34 6.11 4.00 

S 

I 

R 

O. 

Subtotal 63.02 10.25 88.70 6.56 81.83 2.48 35.68 53.13 

  SUM 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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Figure 2. Histograms showing the change of mineralogical composition after tabling(A), after 
magnetic separation(B), and after cross-belt magnetic separation(C) 
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The Distribution of Major Copper Deposits in the Southeast 
Asia Region 

Stephen G. Peters 
United States Geological Survey, USA 

 

The Southeast Asia Region includes parts of Tibet and Yunnan in China, the nations of 
Burma, Thailand, Laos, Cambodia, and Vietnam, and island nations of the Philippines, 
Malaysia, Indonesia and Papua New Guinea and Oceania, as well as Australia and New 
Zealand.  The geology of the region is complex and is represented by rocks of all eons of 
Earth history.  The geologic framework is the result of complex periods of volcanism, 
igneous intrusion, sedimentation, and tectonic activity.  These processes have resulted in 
ancient and recent mountain chains, folded belts, and broad sedimentary basins.  These 
processes also have led to the formation of important porphyry copper-gold and copper-
cobalt sedimentary ore deposits in this region. 

In response to the growing need for information on the global mineral-resource base, the 
U.S. Geological Survey (USGS) has organized a cooperative international project, the 
Global Mineral Resource Assessment Project (GMRAP), 
(http://minerals.usgs.gov/east/global/) to assess the world’s undiscovered non fuel 
mineral resources.  The objective of GMRAP is to outline the principal areas in the world 
that have potential for selected undiscovered mineral resources, and to estimate the 
probable amounts of those mineral resources to a depth of one kilometre below the 
earth’s surface.  This paper summarizes the results of interim results of this study for 
major porphyry copper and sedimentary copper deposits, in the Southeast Asia Region. 

The main geologic and geographic areas of the Southeast Asia Region are the Mekong 
Delta, Malaysian-Indonesian Island Arc, Philippines, Papua New Guinea and Oceania, 
and Australia and New Zealand. Areas permissive for undiscovered major copper 
deposits were delineated in each of these sub regions on the basis of known deposits and 
occurrences, geology, exploration history, and tectonics. Porphyry copper deposits 
consist of stockwork, disseminated, and breccia-hosted copper mineralization that 
generally is restricted to plutons and their immediate wall rocks.  The deposits may have 
parts containing skarn.  Deposits that may be derived from, or affected by, hypogene and 
supergene processes are included as porphyry copper deposits.   

 

 



Sustainable Development of Geo-resources and Geo-environment 56 

Sedimentary copper deposits are stratabound deposits in sedimentary rocks.  The reduced 
facies type deposits are commonly larger and associated with Proterozoic dolomite and 
shale. The red bed type is commonly smaller and more closely associated with Mesozoic 
evaporite-rich sedimentary rocks. 

The geologic history of the Mekong Delta area extends from the Proterozoic to the 
present.  Currently the area is comprised of for main tectonic plates: the Indochina, South 
China, Sibumasu and West Burma plates.  The main accretion in the area took place 
during the Mesozoic Indosinian Orogeny following the break up and northerly drift of 
the pieces of Gondwanaland during the Paleozoic, which caused the main period of 
magmatism in the Mekong Delta Region.  In the Early Cretaceous the West Burma block 
collided along the southwest part of the Sibumasu plate and moved north along the 
boundary during the Cenozoic. Proterozoic metamorphic and igneous rocks are overlain 
by Paleozoic and Mesozoic sedimentary and volcanic rocks.  

A number of large porphyry copper deposits are present in the Mekong Delta area along 
the north-striking Triassic Indo-China collision zone in Thailand and Laos and its 
northern extension to the north of the Red River fault along the Yulong metallogenic belt.  
Deposits in Thailand and Laos were formed from Middle Triassic diorite plutonism into 
Paleozoic sedimentary rocks and are associated with skarn and gold placer deposits.  In 
Yunnan and eastern Tibet, China, the many porphyry deposits lie along the Yulong 
porphyry copper belt and are Late Cretaceous to Early Cenozoic age deposits associated 
with calc-alkaline plutons. In Burma, a north-striking belt contains a number of porphyry 
copper deposits. 

Sediment-hosted copper deposits of the red bed copper and reduced facieses copper sub-
types are present in the Mekong Delta region.  The red bed copper deposits are hosted 
mainly in Mesozoic sandstone, mudstone, and shale along the marine-continental 
transition spatially associated with abundant evaporite deposits that are present in the 
same stratigraphic section.  Sediment-hosted copper deposits of the reduced facies 
copper subtype are present in Middle to Late Proterozoic dolomite, associated with black 
shale, purple micaceous dolomite and sandstone in southern Yunnan Province, China.  
Many of these deposits are large.  Other Proterozoic basins may also be prospective. In 
addition, iron oxide copper-gold deposits are present in metamorphosed Proterozoic 
rocks along the Red River Fault (Hong He) in northern eastern Vietnam and south 
Yunnan Province China.  

The Malaysia and Indonesia island arc area includes Peninsular Malaysia that is part of 
the Sunda Shield with a dominant northerly regional trend and is a southerly continuation 
of the tectonic belt that extends from eastern Burma through Thailand, West Sarawak is 
composed of pre-Upper Carboniferous rocks of the West Borneo Basement, which is the 
exposed part of the Sunda Shield and is concealed, in places, under thick Tertiary strata.  
Sabah, in north Borneo Island, is geologically complex resulting from multiple 
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tectonisms since the Mesozoic between the South China Sea and the Palawan Thrust in 
the north the Sulu and Celebes Seas.  Indonesia contains 15 major magmatic arcs with a 
total length of approximately 7,000 km along the Indonesian archipelago.  The western 
part of Indonesia formed from two micro continents, Mergui of Gondwana origin and 
Indosinian of Asia origin that were joined along the Bentong-Raub suture during the 
Permo-Triassic.  This stable platform contains an active margin as a southeast protrusion 
of the larger Asia continent. Indonesia is characterized by active volcanoes in Sumatra, 
Java, Bali, Nusa Tenggara and Banda islands that are associated with the seduction of the 
Indian-Australia oceanic plate.  Tectonic mélange and micro continental fragments were 
accreted to the craton margin during the active marginal development.  The eastern part 
of Indonesia is a triple junction of the Pacific, Indian-Australian and Eurasia plates.  At 
present, the Australian oceanic plate is subducted beneath the Timor and Banda islands.   

The Malaysia and Indonesia Island Arc sub region contains over two dozen known 
porphyry copper deposits or prospects and is a major metallogenic zone for these 
deposits, mostly of the porphyry copper-gold type.  The largest porphyry copper–gold 
deposit in the Southeast Asia Region is the Grasberg porphyry copper–gold deposit 
associated with copper skarn deposits in the Ertsberg mining district in Irian Jaya that 
together contain 2,618 t gold and 27.7 Mt copper. Sumatra and Sulawesi islands, 
Indonesia and Malaysia also contain several porphyry deposits.  Assessment tracts for 
porphyry copper deposits were delineated in the Malaysia and Indonesia parts of the 
Island Arc region using the island-ocean boundaries as parts of the with the exception of 
Kalimantan where four separate tracts were delineated and Sulawesi, where two tracts 
were delineated.   

The Philippine archipelago is a composite island-arc complex within the circum-Pacific 
volcanic arc system, which contains many of the most important porphyry-copper-type 
deposits in the world.  The intricate geology and the abundant Cenozoic island-arc 
magmatism and associated formation of porphyry-copper-type deposits in the Philippines 
result from compound plate-subduction processes accompanying convergence in the 
archipelago of the Eurasian, Philippine Sea, and Indo-Australian crustal plates.  As a 
complex part of this extensive system of tectonic faulting and arc magmatism, the 
Philippines are favorable overall for the formation of numerous porphyry-copper-type 
deposits.  The geologic history of the Philippines consists of active arc systems and older 
Tertiary and Cretaceous arcs with eroded remnants of ophiolite, meta-igneous rocks and 
continental crust.  The litho-stratigraphic subdivisions (terranes) in the Philippines are:  
(1) Cretaceous-Eocene ophiolites/ultramafic complexes; (2) Cretaceous-Paleogene 
volcano-sedimentary complexes: (3) Eocene-Miocene volcano-sedimentary complexes; 
(4) Paleogene intrusive complexes; (5) Neogene intrusive complexes; (6) Pliocene-
Quaternary volcanic complexes; and (7) sedimentary basins.   
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The most common Philippine copper deposits are porphyry copper–gold, and copper–
skarn deposits.  Approximately 35 known porphyry-copper-type deposits including both 
porphyry copper-gold deposits and porphyry copper deposits are present.  Tracts were 
delineated for specific favorable area that were known to contain porphyry copper 
deposits or were considered to be permissive for this deposit type and was also 
designated as a tract. 

Papua New Guinea and Oceania contain some of the Southeast Asia Region’s largest 
porphyry copper deposits and lies between the Australian Plate to the south and the 
Pacific Plate to the north.  Papua New Guinea consists of several tectonostratigraphic 
subdivisions consisting of platform, mobile belt, oceanic crust, and island arcs.  New 
Britain, Manus, New Ireland, Bougainville, Solomon Islands and Fiji all contain a 
number of porphyry copper deposits, as well as Guadalcanal Island and New Georgia. 

Porphyry copper and porphyry associated deposits in Australia and New Zealand are 
gold rich and include felsic to intermediate magmatic systems including porphyry gold, 
skarn and breccia pipe-hosted gold deposits and epithermal gold systems.  The 
association with epithermal gold deposits is consistent with the vertical zonation of 
porphyry copper-gold systems in the Southeast Asia Region.  Age of porphyry-associated 
deposits in Australia date from the Archean (3.3 Ga) in the Pilbara Craton, but most 
systems are Phanerozoic and lie in eastern Australia along the Tasman Orogenic System. 
Australian production from porphyry Cu deposits is minor and mainly from deposits in 
New South Wales, at the south part of the Tasman System are associated with Ordovician 
to early Silurian volcanic rocks and intermediate intrusive and part of the intra-oceanic 
volcanic are of the Lachlan Orogen.  Permo-Carboniferous volcanic arcs lie along the 
New England Orogenic zone where porphyry-style systems and epithermal systems are 
present.  Porphyry-style or associated deposits also lie in the Drummond Basin, 
Georgetown, Charters Towers, and Hodkinson Regions.  There is no current production 
from porphyry copper deposits in New Zealand, although some occurrences on the 
Coromandel Peninsular have reported minor copper and base metal production in the 
past.   

Potential for sediment-hosted copper deposits of the red bed copper and reduced facies 
copper sub types are both present in Australia.  Deposits of the reduced facies copper 
subtype mainly are present in Middle to Late Proterozoic dolomite, associated with black 
shale, purple micaceous dolomite and sandstone in the Stewart Shelf.  Other Proterozoic 
basins have similar potential.  Some copper deposits in Proterozoic basins have been 
metamorphosed and deformed and some deposits also contain gold, bismuth and cobalt.   
Additional Proterozoic basins contain iron-oxide-(gold) deposits.  Some potential for 
sediment-hosted copper deposits is also present in Mesozoic basins. 
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Mineral Resource Exploration Using Advanced Remote Sensing 

Data  

Taro Yajima 
Japan Oil, Gas and Metals National, Japan 

Abstract 
Advanced remote sensing data (hyperspectral and polarimetric synthetic aperture radar 
(SAR) data) can provide more detailed and accurate information than the previous 
sensors. The Japan Oil, Gas and Metals Corporation (JOGMEC) has been developing 
methods of processing these data to obtain significant geological information for 
mineral resource exploration.  
Using hyperspectral data, alteration zones can be accurately subdivided into detailed 
zoning comprising different alteration minerals. It is also possible to distinguish the 
difference of chemical composition and crystallinity of minerals such as sericite and 
chlorite.  
Polarimetric SAR data allows emphasis of the difference of geology (lithofacies) by 
differences in the surface roughness. Polarimetric SAR data can be used to distinguish 
the difference of lithofacies in both arid areas and vegetated areas (30-50% vegetation 
cover).  

INTRODUCTION 

Since the appearance of satellite remote sensing sensors such as Landsat, JERS-1 and 
ASTER, remote sensing data have been used to acquire important information for 
mineral resource exploration in order to target potentially mineralized areas. There are 
two main types of remote sensing sensors used for mineral exploration (Figure 1). 

 The optical sensor is a passive sensor. It obtains spectral data by the reflection of 
sunlight from the surface of the Earth. The spectral data that is used for mineral 
exploration generally ranges from the visible to the infrared region. By considering the 
spectral patterns in the short wave infrared (SWIR), alteration zones can be identified. 
Alteration zones are very important features that have been created during the formation 
of mineral deposits. Optical sensors are mainly used for mineral exploration in areas of 
arid climate since heavy cloud cover in humid areas hides the landscape and obscures 
surface information.  
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Figure 1. Data acquisition image of an optical sensor (left) and a SAR sensor (right)  

Unlike the optical sensor, SAR is an active sensor. It emits microwaves and receives the 
back-scatter of the microwaves from the surface of the Earth. Since microwaves can 
penetrate cloud coverage, SAR can obtain surface data where cloud coverage is high. 

 Landsat, JERS-1 and ASTER are all equipped with multi-band optical sensors. JERS-1 
was also equipped with a single polarization SAR sensor. Advanced types of optical and 
SAR sensors are now becoming developed. They are called hyperspectral optical sensors 
and multi polarization SAR sensors. They provide more finely detailed and high quality 
data than the previous sensors. Since 2001 Japan Oil, Gas and Metals National 
Corporation (JOGMEC) has been developing data processing methods to clarify 
geological features and alteration zones using data from these advanced sensors.  

HYPERSPECTRAL DATA PROCESSING 

Multi-band spectral sensors have only 4 to 15 bands to obtain spectral data from the 
visible to the infrared range. The spectral data obtained from multi- band spectral sensors 
are sporadic. Due to its spectral resolution, multi-band data can only identify the 
presence of mineral alteration or the general characteristics of alteration (acidic or 
neutral). However, hyperspectral sensors have more than 100 continuous bands and so 
are able to obtain continuous spectral data from the visible to the infrared range (Figure 
2). This allows accurate discrimination of minerals (Table 1). 

 The first spaceborne hyperspectral sensor named Hyperion (USA) was launched on 21 
November, 2000. Hyperion has 220 bands from the visible to the SWIR region. 
JOGMEC has been processing Hyperion data since 2003. 

 JOGMEC has developed processing methods to distinguish alteration minerals in detail. 
Twenty minerals have been identified from the processing of the Hyperion data (Table 
2). JOGMEC has created alteration mineral maps of porphyry copper deposits, 
epithermal skarn deposits and carbonate hosted deposits. The resulting mineral maps 
have been checked by ground truth survey.  
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Figure 2. Multi spectral data (left) and Hyperspectral data (right).  

 

Table 1. Specification and ability of optical sensors to identify alteration minerals 

Sensor Landsat 
（USA） 

JERS-1 
（Japan） 

ASTER 
（Japan） 

Hyperion 
（USA） 

Total bands 8 bands 7 bands 14 bands 220 bands 
Image size 185 x 180 km 75 x 75 km 60 x 60 km 7.7 x 42 km 

Identification 
ability 

Presence of 
alteration 

1) alunite 
2) sericite 
3) chlorite 
4) kaolinite 
5) calcite 

1) alunite 
2) sericite 
3) chlorite 
4) kaolinite 
5) smectite 
6) calcite 
7) talc 
8) dickite 

More than 20 
alteration 
minerals 

 

The reflection spectra obtained from Hyperion and at the surface using an ASD 
spectrometer match very well. This allows the accurate identification of minerals. The 
difference in the chemical composition of sericite and chlorite and the crystallinity of 
sericite could also be observed from the hyperspectral data. This provides information 
about high temperature zones and this is very important information for mineral 
exploration.  
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Table 2.  Minerals identified from the spaceborne hyperspectral Hyperion data. 

1 Kaolinite 9 Calcite 17 Al-rich sericite 

2 Alunite 10 Dolomite 18 Fe-Mg sericite 

3 Sericite 11 Pyrophyllite 19 Mg chlorite 

4 Smectite 12 Halloysite 20 Dickite 

5 Chlorite 13 Gypsum    

6 Hematite 14 Epidote    

7 Goethite 15 Actinolite    

8 Jarosite 16 Buddingtonite    

 

POLARIMETRIC SAR DATA PROCESSING 

 Single polarization SAR sensors are able to obtain only the horizontal (HH) or vertical 
(VV) components of the microwave. Polarimetric SAR sensors are able to obtain quad 
type of data (HH, HV, VH, VV) (Figure 3). The main use of single polarization SAR data 
was limited to finding fault and lineament structures. Its ability to distinguish geological 
units was not high. By processing and emphasizing the polarimetric data, the difference 
of the surface characteristics (roughness) can be shown in detail and this allows the 
lithofacies to be distinguished accurately.  

 

Figure 3. Image for polarimetric SAR sensor to obtain data in four patterns.  

It is planned to launch the Japanese spaceborne polarimetric SAR sensor, named 
PALSAR, in the summer of 2005. PALSAR is equipped with an L-band polarimetric 
SAR sensor and is able to obtain HH, HV, VH, VV data in the quad mode. Also the 
Canadian spaceborne C-band polarimetric SAR sensor named RADARSAT2 is planned 
to be launched at the end of 2005. JOGMEC has been developing processing techniques 
for polarimtric data aiming to use PALSAR data for geological use since 2001, using 
airborne polarimetric AIRSAR data and space shuttle board polarimetric SIR-C data. 
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JOGMEC has developed methods to emphasize the polarimetric SAR data in order to 
distinguish lithology. Data processing has been conducted for arid lands, moderately 
vegetated lands and strongly vegetated lands. Satisfactory lithological maps were 
obtained from arid lands and moderately vegetated lands (30-50% vegetation). The 
lithological maps showed a good match with the published geological maps.  

CONCLUSION 

Hyperspectral data can be used to map the alteration mineralogy of alteration zones 
before conducting geological surveys. Hyperspectral sensors are able to provide more 
detailed and accurate information than the previous multi-band spectral sensors and will 
provide significant information to help target mineral exploration programs. 

 Polarimetric SAR data can be used to create detailed lithological maps. The data are able 
to distinguish lithological differences in vegetated areas that in which it used to be 
difficult to apply remote sensing technology for geological use. 

These advanced remote sensing data are able to provide outstanding information for 
mineral exploration.  
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An Assessment of Oil and Gas Supply Stability for Leading 
APEC Economies 

Michael R. Fleishman & David G. Howell 
Circum-Pacific Council for Energy and Mineral Resources 

United States Geological Survey, USA 

Abstract 
In response to increasing concerns regarding the future availability of crude oil and 
natural gas in the APEC region, this study aims to quantitatively evaluate individual 
nations’ supply scenarios based on current and projected energy and economic metrics. 
This is achieved through a formula that appropriately weights factors that play key 
roles in fuel supplies, including reserves in the ground, current and projected 
production rates, the political stability of resource-supplying countries, and distances 
over which fuel is transported. Using this technique, APEC’s ten largest economies are 
ranked in energy supply stability, allowing for the exposure of potential supply 
weaknesses over the following decade. In addition, by coupling these vulnerabilities 
with indicators of economic reliance on oil and gas, relative economic risks associated 
with fuel supply shortfalls are determined for each nation. 
In the oil sector Indonesia and China show particular vulnerability in future supply 
stability, largely due to rapidly advancing demand. The ranking of economic risk 
associated with oil supply deficiencies highlights Indonesia and the Republic of Korea, 
which features the region’s highest economic oil intensity as well as the greatest 
reliance on petroleum in its overall energy supply. Risk in the gas industry is relatively 
large in North America, where rapidly declining reserves threaten gas-intensive 
economies in Canada, the United States, and Mexico. 

INTRODUCTION 

In 2002 petroleum and natural gas consumption in Asia-Pacific Economic Cooperation 
(APEC) countries (Figure. 1) was at an all-time high, having increased at an average 
annual rate of 1.1% over the prior decade. Currently these quantities represent 60% of 
the region’s primary energy supply and provide fuel essential in electricity generation, 
transportation, and industrial activities1. The demand for hydrocarbons is not satisfied by 
APEC resources alone – the region’s oil import dependency, for example, was 39% in 
2002 and is projected to rise to 45% by 2010.2  
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Figure 1.  APEC member nations3 

Table 1. APEC's ten largest economies4 

APEC Member 
GDP-PPP 
(2003)Millions of 
International 

United States 10,871,090 

People’s Republic 
of China 6,435,838 

Japan 3,582,515 

Russia 1,318,827 

Republic of Korea 963,550 

Canada 934,553 

Mexico 858,028 

Indonesia 721,583 

Australia 579,662 

Chinese Taipei 528,600 

As economic and social prosperity are presently heavily dependent on imported and 
domestic oil and gas, maintaining reliable and sustainable supplies of these fuels is of 
utmost importance to nations of all sizes. In recent years, however, a number of political 
and economic events have raised questions regarding the sustainability of present 
consumption trends. The reasons for concern are diverse: energy demand in the region is 
advancing rapidly, research supporting an imminent decline in the global resource base 
has gained steam, crude oil and natural gas prices have steadily increased, and war and 
social unrest have exposed threats to the security of supply streams. This study is 
designed to determine the vulnerabilities of oil and natural gas supplies for developed 
APEC nations, and to what degree their economies and societies might be affected. By 
identifying these potential problems, strategies – individually and collectively as a region 
– can be developed to ensure future economic sustainability. 

Quantifying Energy Supply Stability 

For purposes of this study the twenty-one APEC nations were ranked in order of Gross 
Domestic Product (GDP), adjusted with the Purchasing Power Parity (PPP) multiplier 
(Table 1). The ten largest economies were selected for a number of reasons: this group 
accounts for over 93% of APEC’s total oil and gas consumption each year, as well as 
93% of the economic output; often only developed nations produce robust and current 
energy trade data; and lastly this group, owing to its economic prominence, will 
undoubtedly determine the fate of all countries on the Pacific Rim (and much of the 
world) through international trade and foreign policy.5  
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The year 2003 was selected as the base year of the analysis -- the most recent year for 
which energy and economic data are available. The primary scope of the study’s forward 
outlook is through the year 2010. In reviewing various organizations’ (APEC6, United 
States Energy Information Administration7 (EIA), and International Energy Agency8 
(IEA)) projections of oil and gas production, consumption, and trade, a reasonable 
degree of agreement exists over the next decade. This is due to a sufficient amount of 
public understanding regarding planned oil and gas development projects, current 
economic policies, and likely ranges in the prices of oil and gas. Beyond the year 2010 
uncertainty in such predictions results in widely varying conclusions among these 
organizations, and the selection of one over the other drastically affects the results of this 
analysis.  

A variety of factors determine the availability and price of crude oil, petroleum products, 
and natural gas to an individual country. The vulnerability of a nation’s supply – what we 
call the Strength-of-Supply (SOS) index – revolves around a number of independent yet 
interrelated conditions. The principal factors and the weight each plays in the SOS 
formulation include the following: 

Booked Reserves 

The first and most significant control of future oil and gas availability is the quantity of 
in-ground reserves that nations and their trading partners are known to possess. The term 
“reserves” is used only for quantities of oil or gas that are believed to be recoverable 
under existing market and operating conditions. A supplying country with abundant oil 
and/or gas reserves is important to its trade partners because of the potential guarantee of 
long-term contracts. This criterion carries great weight in the SOS index calculation. The 
data used in this study are sourced from BP’s Statistical Review of World Energy 2005, 
and includes crude oil, natural gas liquids, and gas condensate. 

The reserves data are used with some caveats in mind. Firstly, reserves are not an 
accurate indication of the total amount of hydrocarbons remaining on Earth, as 
undiscovered, uncertain, and unconventional resources represent significant quantities 
that may be booked in the future. In addition, political and economic agendas may 
influence reserves inventories for nations and individual companies.  

Two deposits of unconventional oil are relevant to APEC’s energy future: the tar sands of 
the Western Canada Basin and the heavy oils of Venezuela’s Orinoco region (Australia 
contains less significant shale oil deposits).  Not all organizations who publish reserves 
include these heavy oils. For purposes of this study we include some quantities of these 
materials in the calculations, as extraction is economically viable under present 
conditions. The effect of adding these reserves to the APEC supply is most significant for 
Canada, which is otherwise not rich in conventional oil. 
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Current and Projected Production Rates 

The second most critical factor in evaluating the lifespan of an energy supply stream is 
the rate at which a nation’s reserves are extracted and produced. Countries that consume 
large percentages of their oil and gas reserves each year without replacement pose risks 
to domestic and/or foreign economies. In the SOS index calculation the reserves to 
production (R/P) ratio is used to capture each of these first two factors. The R/P ratio 
produces a result in units of time, and can be understood as the number of years that 
currently booked reserves will last at current production rates. 

While the R/P ratio carries significant weight in the calculation of supply stability, it 
must be used with caution. The ratio is most useful as a relative indication of how long 
reserves may last at current production rates, not a literal statement of the future year in 
which wells will run dry. The primary reason for this is that reserves of producing fields 
often grow as a result of infill or deeper drilling and other technological improvement, 
such that R/P ratios remain flat or even increase for many years beyond the initial 
forecast. In the present day, because the likelihood of significant new oil and gas 
discoveries is very low, a significant debate exists over when production will peak and to 
what extent technological advances will be able to slow the decline of the global 
resource base. For the purposes of this study, meaningful R/P ratios are capped at 100 
years.  

Because the R/P ratio provides the current snapshot of relative supply, in the SOS index 
for oil we also include projections of both production and consumption in the year 2010. 
For each individual APEC economy the projected domestic demand for oil is compared 
with the projected production rates for each of its suppliers. While in practice the market 
share of various suppliers in the destination country varies with time, this study 
simplifies the problem by projecting the current distribution of suppliers forward to 
2010. For example, if country A currently obtains 15% of its crude oil from country B, it 
is assumed that this imported quantity must grow at a rate equal to country’s A’s demand 
growth rate to be considered a stable supply.  In the case that a supplier’s growth in 
production is greater than the consumer’s growth in demand, the exporter is ranked 
favourably in the SOS index (and vice versa). As APEC provides data and projections for 
the years 2000, 2005, 2010, 2015, and 2020, values for 2003 are determined with straight 
line approximations. Due to the fact that such projections are not commonly available for 
natural gas, the SOS index for gas does not include this term. 

As the SOS calculation is highly dependent on demand projections for the year 2010, a 
brief comparison of various organizations’ predictions is warranted. In this study APEC 
predictions were used for both relevance and completeness. The EIA and IEA, however, 
also produced predictions of petroleum demand in 2010 for a few APEC countries: 
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Table 2. Comparison of demand projections for 20109 

Country 
APEC Prediction of 

Demand Growth, 
2003-2010 (%) 

EIA Prediction 
of Demand 

Growth, 2003-
2010 (%) 

IEA Prediction 
of Demand 

Growth, 2003- 
2010 (%) 

Australia 15.1 22.4 19.9 
Canada 12.3 6.2 7.6 
Chinese Taipei 18.3 N/A N/A 
Indonesia 23.9 N/A N/A 
Japan 4.1 2.2 -8.7 
Mexico 6.9 17.3 N/A 
People’s Republic of 
China 36.9 37.9 N/A 
Republic of Korea 23.5 15.8 12.9 
Russia 20.1 N/A N/A 
United States 11.2 14.9 16.6 

 

As it is evident that disagreement will exist in such forecasts, it should be noted that this 
variable is dependent on projection methods and assumptions. 

War, Piracy, Protest and Other Acts of Civil Unrest 

Beyond the basic metrics of supply and demand, a number of civil and political events 
can influence oil and gas streams around the world. There is great variety in these 
happenings, particularly in the severity and time scales over which oil supplies may be 
interrupted. Since 2002 the APEC region has been impacted by three significant events 
with long-term effects: a general strike in Venezuela, war in Iraq, and civil conflicts in 
Nigeria.  

Cumulatively these three events resulted in a supply shortfall of 3 million barrels per day 
(prior to the disruptions production from these three sources was 7.7 million barrels per 
day, or about 10% of the world’s supply). While these shortfalls were offset in part by 
increases in production from Saudi Arabia and Russia, the consequential effect of 
reducing excess production persists today.10 

To quantify such risks to resource supplies the World Bank’s political stability index for 
200411 is used, as first demonstrated by Chang et al.23 The index measures the likelihood 
of governments in power being destabilized or overthrown by possibly unconstitutional 
and/or violent means, including terrorism. Sources for this estimation include 194 
separate variables and indicators, drawn from 15 diverse organizations. While a 
government need not be destabilized or overthrown to affect oil supply, this index is used 
as a proxy for the relative likelihood of any event that may have adverse consequences 
on oil and gas production and exports. 
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The SOS index’s use of the World Bank political stability indicator results in an 
intentional bias in favour of political and civil events with prolonged effects (months or 
years) in the target country and the world oil and gas market. In contrast a number of 
other events in this category such as isolated attacks on pipelines, acts of piracy, or 
terrorism aimed at a single vessel can also lead to supply disruptions. However these are 
generally limited to much shorter periods of time, as limited damage can be repaired 
quickly and oil supplies can be replaced or supplemented with strategic reserves. As the 
forward outlook of the SOS calculation is on the order of multiple years, these short-term 
disruptions are not addressed.  

Transportation Infrastructure 

The distances over which oil and gas must travel, as well as transportation methods are 
also important factors for countries that rely on imported energy. Underlying reasons for 
this relationship between transport distances and vulnerability include: 

The costs of oil and gas transportation are proportional to distance. With   other factors 
being equal, oil and gas will flow from a resource-rich country to the nearest markets 
first. This results in the lowest possible transportation costs, and hence the greatest profit 
to the supplier. Once the nearest market’s demand is satisfied, exports continue to the 
second-nearest destination, and so on. Thus, in the event of dwindling supplies in the 
source country, consumers who are remotely located will be the first affected by 
shortfalls.12 

As the distance from source country to destination market increases, so will the 
probability (however remote) that the vessel or pipeline will experience an accident, 
attack, or natural disaster.  

There are significant differences in supply security and cost between shipments from an 
importer’s own continent (pipeline oil and gas), adjacent continents (short-haul oil 
tankers, common), and continents separated by major oceans (super tankers, limited). 

Accounting for the above criteria, the SOS index ranks supply sources by distance, with 
increasing preference to the more proximal supply points. 

Natural Disasters 

A variety of natural disasters can damage fuel supply lines, such as earthquakes and 
landslides (pipelines) and hurricanes (shipping, offshore production). Because such 
losses are limited in scope and long-term effects on fuel supply are almost always 
negligible, we have consciously not included these terms in this study. 
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Industrial Accidents 

Malfunctions, fires, and breakdowns do occur at oil and gas processing facilities, 
however supply effects stemming from these phenomena are also limited to the short 
term and are therefore ignored here. 

Market Factors  

While OPEC does play a significant role in controlling the world’s oil supply, major 
events are likely to be dictated by natural processes rather than embargos or artificial 
constraints (which have not occurred for 26 years). 

INTEGRATING SUPPLY STABILITY VARIABLES INTO THE SOS INDEX 

The SOS index is designed to assimilate the diverse data presented in the previous 
section into a unifying formula that captures the relative oil and gas supply stabilities for 
importers and exporters alike. In summary, the factors included in the calculation are: 

 Reserves / Production ratio, which can range from 0 – 100 years. 

 Difference between the consuming nation’s demand growth over the period 2003-
2010 and the supplying nation’s production growth over the same period. This value 
generally ranges from -30% (severely falls short of demand) to +30% (easily meets 
demand). 

 

 World Bank political stability indicator: a normally distributed index with a mean of 
0 and standard deviation of 1 (a higher number is more stable). Thus 99.7% of the 
values occur within the range -3 to +3. 

 Distance proxy: a value of 3 is assigned to supplies on the same continent as the 
consumer, 2 to exporters on adjacent continents, and 1 to non-adjacent continents 
separated by major oceans. 

For each oil or gas supplier to an individual nation, the four variables above can be found 
in the data tables (following section). For example, referring to the third line of 
Australia’s petroleum data table, we can find information on oil imported from 
Indonesia: 

Source Petroleum 
Supplied 

Share 
of 

Total 
Supply 

R / P 
(years) 

Increase in 
Production 
Capacity, 
2003-2010 

Meets 
supply 

needs of 
2010? 

Political 
Stability 

Index 

Distance 
Index 

Strength 
of Supply 

Indonesia 87 7.1% 10.3 0.0% N, 15.1% -1.38 2 31.9 
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The column labelled “Petroleum Supplied” lists figures in thousands of barrels per day -- 
in this case Indonesia’ contribution represents 7.1% of Australia’s demand. Following is 
the R/P ratio, and next an APEC projection of the increase in Indonesia’s oil production 
capacity over the period 2003-2010. In the following column this value has been 
compared to Australia’s projected demand growth over the same period, which is 15.1%. 
The difference between these two values, -15.1%, is listed with the letter “N”, indicating 
that Indonesia’s supply will not meet Australia’s requirements in 2010. The last two 
columns contain the World Bank stability index for the supply country, as well as the 
distance index of 2, which corresponds to an adjacent continent. 

The four shaded columns are used in the SOS calculation. First, the four values are 
normalized using the following weights: 30:30:25:15. That is, the R/P ratio and 
production shortfall/excess are each adjusted to a range of 0 to 30, political stability to a 
range of 0 to 25, and the distance index to a range of 0 to 15. The SOS indicator is 
obtained in the final column by summing these four values, which results in an index that 
can range from 0 to 100. This process is repeated for each supplier, and the scores are 
weighted according to present-day market shares in the destination country, thus 
providing each of the ten APEC nations with a single score representative of its overall 
supply stability.  

In some instances the number of oil and gas sources for a given country can be extensive, 
with a large number of suppliers delivering small quantities. In tabulating the SOS index 
for oil, once a threshold of at least 85% of a nation’s supply is accounted for, all 
remaining (generally insignificant) sources are ignored. This threshold increases to 95% 
for natural gas. 
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Petroleum Data Tables 

Country Fuel Unit Consumption Production Imports Exports* Consumption in 
2010# 

% Increase 
over 2003 

Australia 
(2003) 

Crude Oil & 
Products 

1000 barrels per 
day 851 624 519 370 979 15.1% 

           

Source^ Petroleum 
Supplied 

Share of Total 
Supply@ R / P (years) Increase in Production 

Capacity, 2003-2010& 
Meets supply 
needs of 2010$ 

Political 
Stability Index Distance Index Strength of 

Supply 

Australia 624 51.1% 19.3 20.9% Y, 5.8% 1.03 3 67.0 
Other Asia 180 14.7% 14.3 3.1% N, -12.0% 0.36 2 46.9 
Indonesia 87 7.1% 10.3 0.0% N, -15.1% -1.38 2 31.9 
Singapore 49 4.0% 0.0 ** ** 1.00 2 45.4 
United Arab 
Emirates 38 3.1% 100.0 16.5% Y, 1.4% 0.91 1 78.4 

Saudi Arabia 35 2.9% 73.3 21.5% Y, 6.4% -0.60 1 62.2 
United States 16 1.3% 11.3 4.3% N, -10.8% 0.47 1 42.3 
New Zealand 16 1.3% 6.8 12.5% N, -2.6% 1.00 3 58.8 
      weighted average  weighted average     weighted 

average 
Totals 1,044 85.5% 18.2    N, -0.4%     50.7 
* The national crude oil and petroleum products budget is displayed in a simplified format with values for consumption, production, imports, and exports. For reasons of simplicity other quantities such as contributions 
to international marine bunkers, domestic stock changes, and statistical differences are not included in this study. These quantities are not always insignificant. Data is sourced from the BP Statistical Review of World 
Energy, 2004 & 2005. 
# The projected increase in petroleum demand over the period 2003-2010 is obtained from APEC.6 

^ Except where noted, data on foreign petroleum sources are from the IEA.13 The database groups (and sums) the following nations: 
”Other Asia”: Brunei, Malaysia, Thailand, Vietnam, Other 
”Other Middle East”: Syria, Yemen, Other 
”Other Africa”: Congo, Sudan, Other 
@ The simplified oil budget is as follows: production + imports = additions to budget; consumption + exports = subtractions from budget. The additions are accounted for in the table’s left-most column, and are 
compared with sum of domestic demand and exports. 
& The projected increase in petroleum production capacity over the period 2003-2010 is obtained from the EIA.14 
$ This percentage is obtained by subtracting the value in the 6th column from the left with the value in the top-right cell. A negative result implies a supply shortfall (N) and a positive result implies a supply surplus (Y). 
** Countries that export petroleum products only (and no crude oil) are not included in the production capacity projection, as their inputs are in turn supplied by other nations. 
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Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

Canada 
(2003) 

Crude Oil & 
Products 

1000 barrels per 
day 2,131 3,004 1,131 2,096 2393 12.3% 

           
Source Petroleum 

Supplied 
Share of Total 
Supply 

R / P (years) Increase in Production 
Capacity, 2003-2010 

Meets supply needs 
of 2010? 

Political 
Stability Index 

Distance Index Strength of 
Supply 

Canada 3,004 71.1% 100.0 18.4% Y, 6.1% 1.13 3 92.3 
Norway 247 5.8% 8.5 -5.0% * N, -17.3% 1.53 1 45.6 
United 
Kingdom 194 4.6% 5.4 -5.0% * N, -17.3% 0.77 1 39.4 
United States 162 3.8% 11.3 4.3% N, -8.0% 0.47 3 53.7 

   weighted average weighted average   weighted 
average 

Totals 3,607 85.3% 72.2    Y, 2.2%     72.1 
* These values are published as totals for the North Sea, and are thus identical. 
 

Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

Indonesia 
(2003) 

Crude Oil & 
Products 

1000 barrels per 
day 1,132 1,183 371 518 1403 23.9% 

           

Source Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply needs 
of 2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

Indonesia 1,183 71.7% 10.3 0.0% N, -23.9% -1.38 3 32.5 
Nigeria 128 7.8% 43.1 13.6% N, -10.3% -1.78 1 36.4 
Saudi Arabia 119 7.2% 73.3 21.5% N, -2.5% -0.6 1 57.8 

      weighted average  weighted average     
weighted 
average 

Totals 1,430 86.6% 16.0    N, -18.1%     30.3 
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Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

People’s Republic of 
China (2003) 

Crude Oil & 
Products 

1000 barrels 
per day 5,791 3,401 2,607 424 7,928 36.9% 

           

Source Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply 
needs of 2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

Peop. Rep. China 3,401 54.7% 19.1 6.9% N, -30.0% -0.07 3 41.3 
Saudi Arabia 378 6.1% 73.3 21.5% N, -15.4% -0.60 1 51.3 
Iran 290 4.7% 92.9 6.2% N, -30.7% -0.91 1 47.4 
Angola 272 4.4% 27.5 50.0% * Y, 13.1% -0.95 1 49.2 
Former Soviet Union 260 4.2% 22.2 35.0% N, -1.9% -0.85 3 50.8 
Oman 203 3.3% 18.5 7.6% # N, -29.3% 0.76 1 37.3 
Yemen 139 2.2% 4.2 7.6% # N, -29.3% -1.48 1 17.3 
Indonesia 104 1.7% 10.3 0.0% N, -36.9% -1.38 2 21.0 
Malaysia 59 1.0% 12.5 -1.6% ^ N, -38.5% 0.38 2 33.2 
Australia 41 0.7% 19.3 20.9% N, -16.0% 1.03 2 51.0 
Brunei 36 0.6% 14.1 6.2% ^ N, -30.7% 1.06 2 42.3 
Venezuela 33 0.5% 100.0 11.7% N, -25.2% -1.10 1 42.4 
United Arab Emirates 26 0.4% 100.0 16.5% N, -20.4% 0.91 1 67.5 
Kuwait 24 0.4% 100.0 21.3% N, -15.6% 0.29 1 65.5 
United States 18 0.3% 11.3 4.3% N, -32.6% 0.47 1 31.4 
Qatar 4 0.1% 45.5 0.0% N, -36.9% 0.92 1 42.8 
Nigeria 2 0.0% 43.1 13.6% N, -23.3% -1.78 1 29.9 

      weighted average  weighted average     
weighted 
average 

Totals 5,291 85.1% 24.0    N, -21.6%     36.0 
* External source 15 
# Projections only available for IEA category “Other Middle East”  
^ Projections from APEC6 
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Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

Japan (2003) Crude Oil & 
Products 

1000 barrels 
per day 5,455 17 5,314 79 5679 4.1% 

           

Source Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply needs of 
2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

Japan 17 0.3% 100.0 0.0% N, -4.1% 0.99 3 86.2 
Saudi Arabia        1,178 21.3% 73.3 21.5% Y, 17.4% -0.60 1 67.7 
United Arab 
Emirates               1,145 20.7% 100.0 16.5% Y, 12.4% 0.91 1 83.9 
Iran 666 12.0% 92.9 6.2% Y, 2.1% -0.91 1 63.8 
Kuwait                 490 8.8% 100.0 21.3% Y, 17.2% 0.29 1 81.9 
Qatar                    413 7.5% 45.5 0.0% N, -4.1% 0.92 1 59.2 
Indonesia             217 3.9% 10.3 0.0% N, -4.1% -1.38 2 37.4 
Rep. of Korea      159 2.9% 0.0 ** ** 0.45 2 47.1 
Other Asia 134 2.4% 14.3 3.1% N, -1.0% 0.36 2 52.4 
Oman                  130 2.3% 18.5 7.6% Y, 3.5% 0.76 1 53.7 
Peop. Rep. 
China 75 1.4% 19.1 6.9% Y, 2.8% -0.07 2 52.7 
United States        75 1.4% 11.3 4.3% Y, 0.2% 0.47 1 47.8 

      weighted average  weighted average     
weighted 
average 

Totals 4,700 84.9% 61.6    Y, 7.5%     58.1 
** Countries that export petroleum products only (and no crude oil) are not included in the production capacity projection, as their inputs are in turn supplied by other nations. 
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Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

Republic of 
Korea (2003) 

Crude Oil & 
Products 

1000 barrels 
per day 2,300 0 2,263 630 2840 23.5% 

           

Source Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply 
needs of 2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

Saudi Arabia 773 26.4% 73.3 21.5% N, -2.0% -0.60 1 58.0 
United Arab 
Emirates 471 16.1% 100.0 16.5% N, -7.0% 0.91 1 74.2 
Kuwait 247 8.4% 100.0 21.3% N, -2.2% 0.29 1 72.3 
Iran 176 6.0% 92.9 6.2% N, -17.3% -0.91 1 54.2 
Qatar 138 4.7% 45.5 0.0% N, -23.5% 0.92 1 49.5 
Indonesia 128 4.4% 10.3 0.0% N, -23.5% -1.38 2 27.7 
Oman 114 3.9% 18.5 7.6% N, -15.9% 0.76 1 44.0 
Other Asia 103 3.5% 14.3 3.1% N, -20.4% 0.00 2 40.1 
Other Middle East 97 3.3% 9.0 7.6% N, -15.9% 0.00 1 35.8 
Australia 74 2.5% 19.3 20.9% N, -2.6% 1.03 2 57.8 
China 45 1.5% 19.1 6.9% N, -16.5% -0.07 2 43.0 
Former Soviet 
Union 44 1.5% 22.7 35.0% Y, 11.5% -0.85 2 52.7 
Other Africa 37 1.2% 12.0 24.1% Y, 0.7% 0.00 1 45.0 
Brazil 30 1.0% 18.7 17.5% N, -6.0% -0.13 1 42.8 
Ecuador 26 0.9% 29.6 17.5% N, -6.0% -0.83 1 41.2 

      weighted average  weighted average     
weighted 
average 

Totals 2,503 85.4% 55.3    N, -8.7%     48.7 
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Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

Mexico 
(2003) 

Crude Oil & 
Products 

1000 barrels per 
day 1885 3789 199 2115 2015 6.9% 

           

Source Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply needs 
of 2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

Mexico 3,789 94.7% 11.6 12.5% Y, 5.6% -0.13 3 53.4 

      weighted average  weighted average     
weighted 
average 

Totals 3,789 94.7% 11.6    Y, 5.6%     53.4 

 

Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

Russia 
(2003) 

Crude Oil & 
Products 

1000 barrels per 
day 2503 8544 0 6110 3006 20.1% 

           

Source Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply needs 
of 2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

Russia 8,544 99.2% 22.7 35.0% Y, 14.9% -0.85 1 49.4 

      weighted average  weighted average     
weighted 
average 

Totals 8,544 99.2% 22.7    Y, 14.9%     49.4 
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Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

Chinese Taipei 
(2003) 

Crude Oil & 
Products 

1000 barrels 
per day 819 0 819 0 969 18.3% 

           

Source* Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply needs 
of 2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

Saudi Arabia 246 30.0% 73.3 21.5% Y, 3.1% -0.6 1 60.6 
Kuwait 123 15.0% 100.0 21.3% Y, 3.0% 0.29 1 74.8 
Other Africa 106 13.0% 33.2 24.1% Y, 5.8% -0.5 1 50.5 
Iran 98 12.0% 92.9 6.2% N, -12.1% -0.91 1 56.7 
Rep. of Congo 90 11.0% 17.1 24.1% Y, 5.8% -1.41 1 39.2 
Asia Pacific 74 9.0% 16.6 3.1% N, -15.2% 0.5 2 46.9 

      weighted average  weighted average     
weighted 
average 

Totals 737 90.0% 55.8    Y, 0.0%     51.3 
 * Sources for Chinese’s Taipei’s oil were obtained from Chang et al. 23 
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Country Fuel Unit Consumption Production Imports Exports Consumption in 
2010 

% Increase 
over 2003 

United States 
(2003) 

Crude Oil & 
Products 

1000 barrels 
per day 20033 7400 12254 921 22280 11.2% 

           

Source Petroleum 
Supplied 

Share of Total 
Supply R / P (years) Increase in Production 

Capacity, 2003-2010 
Meets supply needs 
of 2010? 

Political 
Stability Index Distance Index Strength of 

Supply 

United States 7,400 35.3% 11.3 4.3% N, -6.9% 0.47 3 54.2 
Canada 1,967 9.4% 100.0 18.4% Y, 7.2% 1.13 3 92.8 
Saudi Arabia 1,759 8.4% 73.3 21.5% Y, 10.3% -0.60 1 64.1 
Venezuela 1,695 8.1% 100.0 11.7% Y, 0.5% -1.10 2 68.9 
Mexico 1,669 8.0% 11.6 12.5% Y, 1.3% -0.13 2 49.2 
Nigeria 874 4.2% 43.1 13.6% Y, 2.4% -1.78 1 42.8 
Iraq 477 2.3% 100.0 23.3% Y, 12.1% -2.87 1 57.3 
United 
Kingdom 430 2.1% 5.4 -5.0% N, -16.2% 0.77 1 39.9 
Angola 374 1.8% 27.5 50.0% Y, 38.8% -0.95 1 62.1 
Former Soviet 
Union 303 1.4% 22.7 35.0% Y, 23.8% -0.85 1 53.8 
Norway 259 1.2% 8.5 -5.0% N, -16.2% 1.53 1 46.2 
Colombia 238 1.1% 7.3 17.5% Y, 6.3% -1.69 2 39.5 
Algeria 228 1.1% 16.7 18.4% Y, 7.2% -1.42 1 39.7 
Kuwait 222 1.1% 100.0 21.3% Y, 10.1% 0.29 1 78.4 

      weighted average  weighted average     
weighted 
average 

Totals 17,896 85.4% 35.0    Y, 0.4%     50.8 
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Natural Gas Data Tables 

Country Fuel Unit Consumption Production Imports Exports 

Australia (2003) Natural Gas 1000 barrels of oil equivalent per day 433 591 0 187 

         

Source Gas Supplied Share of Total Supply R / P (years) Political Stability Index Distance Index Strength of Supply 

Australia * 591 95.3% 76.9 1.03 3 89.3 
      weighted average   weighted average 
Totals 591 95.3% 73.3     85.2 

 * All natural gas (pipeline and LNG) trade flows were obtained from the BP Statistical Review of World Energy. 

 

Country Fuel Unit Consumption Production Imports Exports 

Canada (2003) Natural Gas 1000 barrels of oil equivalent per day 1,642 3,254 139 1756 

         

Source Gas Supplied Share of Total Supply R / P (years) Political Stability Index Distance Index Strength of Supply 

Canada 1,817 53.5% 8.8 1.13 3 49.2 
United States 1,498 44.1% 9.8 0.47 3 45.2 
      Weighted average   weighted average 
Totals 3,315 97.6% 9.0     46.2 

 



Sustainable Development of Geo-resources and Geo-environment 

 

 

82 

 

Country Fuel Unit Consumption Production Imports Exports 
People's Republic 
of China (2003) 

Natural 
Gas 

1000 barrels of oil 
equivalent per day 584 613 0 0 

         

Source Gas 
Supplied 

Share of Total 
Supply R / P (years) Political Stability 

Index 
Distance 
Index 

Strength of 
Supply 

Peop. Rep. China 613 104.9% 53.4 -0.07 3 67.6 
      weighted average   weighted average 
Totals 613 104.9% 53.4     67.6 

 

Country Fuel Unit Consumpti
on Production Imports Exports 

Indonesia (2003) Natural 
Gas 

1000 barrels of oil 
equivalent per day 595 1,296 0 702 

         

Source Gas 
Supplied 

Share of Total 
Supply 

R / P 
(years) 

Political Stability 
Index 

Distance 
Index 

Strength of 
Supply 

Indonesia 1,296 100.0% 35.2 -1.38 3 47.5 
      weighted average   weighted average 
Totals 1,296 100.0% 35.2     47.5 
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Country Fuel Unit Consumption Production Imports Exports 

Japan (2003) Natural 
Gas 

1000 barrels of oil 
equivalent per day 1,362 0 1,421 0 

         

Source Gas 
Supplied 

Share of Total 
Supply R / P (years) Political Stability 

Index 
Distance 
Index 

Strength of 
Supply 

Indonesia 428 31.4% 35.2 -1.38 2 42.5 
Malaysia 298 21.9% 45.0 0.38 2 60.7 
Australia 183 13.4% 76.9 1.03 2 84.3 
Qatar 161 11.8% 100.0 0.92 1 92.5 
Brunei 159 11.7% 28.3 1.06 2 55.4 
United Arab 
Emirates 122 9.0% 100.0 0.91 1 92.4 

      weighted average   weighted average 
Totals 1,351 99.2% 55.4     63.7 

 

Country Fuel Unit Consumption Production Imports Exports 
Republic of Korea 
(2003) 

Natural 
Gas 

1000 barrels of oil 
equivalent per day 479 0 467 0 

         

Source Gas 
Supplied 

Share of Total 
Supply R / P (years) Political Stability 

Index 
Distance 
Index 

Strength of 
Supply 

Qatar 140 29.3% 100.0 0.92 2 97.5 
Indonesia 123 25.8% 35.2 -1.38 2 42.5 
Oman 116 24.1% 57.3 0.76 1 65.7 
Malaysia 67 14.1% 45.0 0.38 2 60.7 
Brunei 13 2.8% 28.3 1.06 2 55.4 
      weighted average   weighted average 
Totals 460 96.0% 59.3     65.4 
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Country Fuel Unit Consumption Production Imports Exports 

Mexico (2003) Natural 
Gas 

1000 barrels of oil 
equivalent per day 816 648 160 0 

         

Source Gas 
Supplied 

Share of Total 
Supply R / P (years) Political Stability 

Index 
Distance 
Index 

Strength of 
Supply 

Mexico 648 79.5% 11.4 -0.13 3 42.0 
United States 160 19.7% 9.8 0.47 3 45.2 
      weighted average   weighted average 
Totals 808 99.1% 11.0     42.2 

 

Country Fuel Unit Consumption Production Imports Exports 

Russia (2003) Natural 
Gas 

1000 barrels of oil 
equivalent per day 10,238 12,877 0 2,434 

         

Source Gas 
Supplied 

Share of Total 
Supply R / P (years) Political Stability 

Index 
Distance 
Index 

Strength of 
Supply 

Russia 12,877 101.6% 81.2 -0.85 3 78.8 

      weighted average   weighted average 

Totals 12,877 101.6% 81.2     78.8 
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Country Fuel Unit Consumption Production Imports Exports 

Chinese Taipei 
(2003) 

Natural 
Gas 

1000 barrels of oil 
equivalent per day 155 13 133 0 

         

Source Gas 
Supplied 

Share of Total 
Supply R / P (years) Political Stability 

Index 
Distance 
Index 

Strength of 
Supply 

Indonesia 83 53.8% 35.2 -1.38 2 42.5 
Malaysia 50 32.2% 45.0 0.38 2 60.7 
Chinese Taipei 14 9.2% 50.7 0.52 3 70.1 
      weighted average   weighted average 
Totals 147 95.2% 33.4     48.8 

 

Country Fuel Unit Consumption Production Imports Exports 

United States 
(2003) 

Natural 
Gas 

1000 barrels of oil 
equivalent per day 11,492 9,787 2,011 329 

         

Source Gas 
Supplied 

Share of Total 
Supply R / P (years) Political Stability 

Index 
Distance 
Index 

Strength of 
Supply 

United States 9,787 82.8% 9.5 0.47 3 45.0 
Canada 1,756 14.9% 9.2 1.13 3 49.4 
      weighted average   weighted average 
Totals 11,543 97.7% 9.3     44.6 
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ANALYSIS OF THE STRENGTH-OF-SUPPLY INDEX 

The following tables summarize the final SOS indices for the ten countries of interest: 

Table 3. Summary of SOS rankings for oil and gas 

 
Rank Country SOS OIL 

1 Canada 72.1 
2 Japan 58.1 
3 Mexico 53.4 
4 Chinese Taipei 51.3 
5 United States 50.8 
6 Australia 50.7 
7 Russia 49.4 
8 Republic of Korea 48.7 
9 People’s Republic of China 36.0 

10 Indonesia 30.3  

Rank Country SOS GAS 

1 Australia 85.2 
2 Russia 78.8 
3 People’s Republic of China 67.6 
4 Republic of Korea 65.4 
5 Japan 63.7 
6 Chinese Taipei 48.8 
7 Indonesia 47.5 
8 Canada 46.2 
9 United States 44.6 

10 Mexico 42.2 

A few characteristics of the SOS index are apparent in these lists: 

• The highest index values (most stable supplies) are attained by nations with ample 
domestic resources – Canada in the case of oil, and Australia and Russia in the case 
of gas. However this does not preclude energy importers from also ranking above the 
median. The energy-poor Asian nations (Japan, Republic of Korea, and Chinese 
Taipei) rank favourably in both categories because their heavy reliance on imports is 
from countries with extensive reserves. 

• North America (Canada, United States, and Mexico) ranks at the bottom of the gas 
SOS index. The combination of diminishing reserves and accelerating consumption 
illustrate a critical need for increased production or a more secure import portfolio. 

• Projected demand in 2010 is critically important to the oil SOS index. Rapid growth 
in demand for Indonesia and China results in higher vulnerabilities and a greater 
potential for supply shortfalls. 

• Comparisons of supply vulnerability using the SOS index are only valid for the same 
fuel (i.e. Japan’s oil and gas scores (56.6 and 63.7) do not imply more vulnerability in 
oil than gas). 

Importantly, this information does not indicate potential economic damage in these 
nations – the SOS index should be thought of as a measure of supply vulnerability alone. 
To assess economic consequences that can be caused by an energy shortage, this index 
must be coupled with information on the impact that such disturbances may have. For 
example, a nation with a particularly low SOS index for oil can plausibly have an 
economy in which oil is not a significant fuel source. In this case a low SOS index does 
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not represent a severe threat to the economy, as compared with a nation of equal SOS 
index value and extreme reliance on oil.  

To make this connection between vulnerability and risk we utilize oil and gas intensity 
data as well as the makeup of nations’ total primary energy supplies (TPES). Oil or gas 
intensity is the ratio of a nation’s annual energy demand to its GDP-PPP, which can be 
though of as “the number of barrels of oil equivalent required to produce 1000 dollars of 
economic output”. This number is a proxy for the aggregate efficiency of the entire 
economy. Energy intensity and vulnerability to supply shocks are directly related: 
countries with high energy intensities generally have large industrial sectors, and are thus 
fuel-intensive. This leads to greater economic harm in the event of an oil or gas shortage. 
Economies with lower energy intensities generally rely less on industrial and 
manufacturing sectors, and therefore suffer relatively less damage if fuel demands are 
not met. An important note is that cold climates (namely Canada and Russia) have the 
effect of raising energy intensities. 

TPES represents a country’s annual gross energy consumption from all sources. The 
percentages of TPES made up by oil and gas indicate the extent to which the nation’s 
energy needs are met by these fuels. This information is an important addition to 
intensity, as it takes into account energy needs external to the GDP calculation. 

Table 4. Oil and Gas Intensities & TPES shares for APEC’s ten largest economies16 

Ran
k Country 

Oil 
Intensity 

(bbl / $1000 
GDP-PPP) 

Oil’s Share 
of TPES 

(%) 
Rank Country 

Gas 
Intensity 

(boe / 
$1000 

GDP-PPP) 

Gas’ 
Share of 

TPES 
(%) 

1 Republic of 
Korea 0.87 51 1 Russia 2.65 55 

2 Canada 0.83 36 2 Canada 0.60 29 

3 Mexico 0.80 53 3 United 
States 0.36 25 

4 Russia 0.69 21 4 Mexico 0.33 30 
5 United States 0.67 39 5 Indonesia 0.28 27 
6 Indonesia 0.57 50 6 Australia 0.26 14 

6 Chinese Taipei 0.57 45 7 Republic of 
Korea 0.17 10 

8 Japan 0.56 50 8 Japan 0.13 14 

9 Australia 0.54 35 9 Chinese 
Taipei 0.10 8 

10 
People’s 

Republic of 
China 

0.33 24 10 
People’s 

Republic of 
China 

0.03 3 
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To tie the SOS index with these two indicators of economic impact, it is normalized to a 
range of 0 to 50, and intensity and share of TPES are normalized to ranges of 0 to 25. 
Then these three values are summed for each APEC nation, thus creating an index of 
economic risk that ranges from 0 (high risk) to 100 (low risk): 

Table 5. Rankings of economic risk associated with oil and gas supply vulnerabilities 

Rank Country 
Economic 
risk due to 
oil shortage

Rank Country 
Economic risk 

due to gas 
shortage 

1 Canada 64.8 1 Australia 92.5 

2 Russia 56.1 2 
People’s 

Republic of 
China 

79.5 

3 People’s Republic of 
China 54.1 3 Republic of 

Korea 72.3 

4 Australia 53.9 4 Japan 68.8 
5 Japan 49.9 5 Chinese Taipei 54.6 
6 Chinese Taipei 45.5 6 Russia 42.6 
7 United States 44.7 7 Canada 42.2 
8 Mexico 30.8 8 United States 39.1 
9 Republic of Korea 23.7 9 Indonesia 36.5 

10 Indonesia 15.8 10 Mexico 34.2 

RISK CASE STUDIES 

Australia’s offshore oil and gas reserves are significant relative to annual demand, with 4 
billion barrels of oil (R/P = 19.3 years) and 16 billion barrels of oil equivalent of gas (R/P 
= 76.9 years). Reserves growth in both fuels was steady in the period 1980-2000, 
however since the turn of the century these quantities have fallen, as has oil production. 
In accordance with these trends oil imports have been steadily rising in the last decade, 
more than doubling. In 2003 Australia met roughly half of its oil demand through 
domestic production and the vast majority of foreign sources were located in Southeast 
Asia.  

However, the Asia-Pacific region’s oil reserves are significantly lower than those of the 
Middle East, and the effective R/P ratio (weighted average of suppliers) of Australia’s 
supply is only 18.2 years. Furthermore, the Australian government as well as the United 
States Energy Information Administration project strong advances in oil demand in the 
coming decades, far in excess of the projected production capacity of its suppliers. 
Without significant reserves growth in the region, or major changes in its sources of oil, 
the nation will likely face supply concerns within the next twenty years. The Australian 
government has taken steps to address this vulnerability by issuing an array of offshore 
exploration licenses in 2003 and 2005. The government is also offering federal assistance 
in exploration activities. Recent discoveries in Western Australia show significant 
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promise, as well as known reservoirs in the Timor Sea (subject to an ongoing ownership 
controversy with East Timor). 17 

 

Figure 2. Australia’s oil and gas reserves and production, 1980-200418 

 

Despite these concerns over oil supply, the potential economic risks are not very large 
compared to other APEC economies. This is due to the markedly low oil intensity, and 
the small roles oil and gas play in the nation’s TPES (whereas coal is 47%). Australia’s 
stability in gas supply leads the APEC 10. Furthermore the relative economic risk due to 
a gas shortage is lowest in the group. 

Canada’s well-publicized Alberta tar sands deposits represent 95% of the nation’s oil 
reserves, which the EIA and the Oil and Gas Journal have estimated to be on the order 
180 billion barrels.19 These substantial volumes result in the highest oil SOS ranking 
among the ten countries of interest. Currently the amount of crude produced in this 
region (~1 million barrels per day) is equal to Canada’s conventional oil output. However 
by 2015 convention production is projected to fall 40% to 600 thousand barrels per day, 
while production from the tar sands will more than double to 2.6 million barrels per 
day20. 
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Figure 3. Canada’s gas production and reserves, 1980-200418 

 

While current oil prices are supporting the rapid expansion of production in the tar sands 
province, of major concern to Canada and the United States (which receives 99% of its 
oil exports), is a looming natural gas supply shortfall. Currently the effective R/P ratio 
for gas stands at 9.2 years, with consumption rising due to the tremendous amounts of 
gas required to produce crude oil from the tar sands. Canada does not have large natural 
gas reserves relative to production rates, and some current solutions to this impending 
problem – rapidly expanding unconventional gas production (e.g. coal bed methane) and 
producing tar sands with locally derived oil – are far from proven options. Domestic 
production of conventional gas is centred on the Atlantic coast and provides limited 
reserve replacement, and LNG terminals are being explored to increase imports.21   
Consequently Canada’s SOS index for gas is a low 46.4 (ranked 8th out of 10), and 
coupled with a high economic gas intensity, the nation also scores low in gas supply 
stability. 

Furthermore, Canada, United States, and Mexico all rank at the bottom of the economic 
risk comparison for natural gas supplies. This is caused by weak domestic supplies, high 
economic gas intensities, and relatively large portions of the TPES supplied by gas.  

In 2003 the People’s Republic of China ranked 9th lowest out of 10 oil supply stability, 
but near the top in gas supply stability. Of primary importance in this case is the year, 
2003, as rapid expansion in the consumption of all fuels in recent years have drastically 
altered the energy supply scenario (the annual growth rates from 2003-2004 for oil and 
gas consumption were 15.8% and 19% respectively). Furthermore, China ranked lowest 
in both oil and gas economic intensities in 2003 as coal dominated the energy supply at 
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about 70% of the total primary energy supply.1 Thus, due to the fact that China’s 
economy depends on oil and gas to a far lesser extent than its Pacific Rim neighbours, its 
short term fuel supply outlook is decent.  

Importantly, if current growth rates are to continue, within a period of a few years 
numerous new sources of fuel will be necessary. China’s oil SOS data table above shows 
that 16 out of 17 of its primary oil suppliers will not meet the projected demand growth 
of 37%.  It is no secret that the Chinese government has recognized these trends, as in 
recent years state-controlled oil companies have rapidly acquired assets around the globe 
in an effort to meet projected oil demands. Domestic production accounted for 100% of 
the gas demand, and the R/P ratio was 53 years.  

Figure 4. China’s oil and gas consumption 1965-200418 

 

Indonesia ranks relatively low in SOS in oil (10th) and gas (7th), largely due to a 
shrinking resource base and negligible increases in production projected for the next 
decade. In fact the archipelago nation, the only Southeast Asian member of OPEC, is 
projected to become a net oil importer in 2005. To make matters worse petroleum 
products and natural gas make up 77% of Indonesia’s energy budget, which results in 
relatively high economic risks in the event of oil and gas supply shortfalls. As the current 
supply is still largely domestic, the stability of the future supply relies on new projects – 
most importantly the Cepu field (600 Mbbl), which is projected to come online in 2006. 
However development has been delayed due to financial disagreements between 
ExxonMobil and Pertamina, the state-run oil company.22  
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Japan, the Republic of Korea, and Chinese Taipei, although essentially devoid of 
domestic oil and gas resources, are clustered around the midpoint of SOS scores for oil 
and gas. This is accomplished through their reliance on imports from foreign nations that 
are rich in resources. In the case of oil, all three nations derive the majority of their 
supplies from the OPEC-Middle East nations (Saudi Arabia, Iran, United Arab Emirates, 
Kuwait and Qatar; excluding Iraq). The only potential downfall to such an arrangement 
lies in the extreme reliance on OPEC, and its ability to control a large percentage of the 
world’s oil production. Gas imports are sourced largely from Southeast Asian countries 
(Indonesia, Malaysia, and Australia), which possess significant gas reserves and are in 
favorable locations. Middle East producers also play a significant role in these supplies. 
Among these nations the only above average risks for economic damage lie in the oil 
sector, as all three are unusually dependent on petroleum (Japan and Korea: 50% TPES, 
Chinese Taipei: 45%).1  

Russia’s vast reserves of gas position it at the top of the gas SOS ranking, however an 
astronomic economic reliance on natural gas result in risk rankings near the average. An 
oil R/P ratio of only 22.7 years places it in the bottom half of the oil index, however it is 
believed new production in the next decade will offset production. 
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Abstract 
Since 1993 GETECH has been involved in developing new methods and techniques to 
recover gravity from satellite altimeter data with the specific aim of improving oil 
exploration methods in deep-water areas of the continental margins, worldwide. By a 
combination of new processing methods, we can recover anomalies that are accurately 
and reliably representing geological structures down to 10 km in wavelength. These 
improvements have been possible by applying: 

 advanced seismic repicking methods to recover the onset of ERS-1 radar 
waveforms;  

 a range of more accurate and globally consistent wet and dry Troposphere 
propagation and tidal corrections; 

 careful data editing and validation based on data visualisation techniques; 
 micro-levelling to resolve discrepancies between satellite tracks in order to derive 

a reliable geoid surface; and  
 the ‘Geoid to Gravity’ conversion method which has significant advantages over 

existing methods.  
The methodology has allowed us to map to within 2 and 5 km of the coast and 
significantly suppress noise that is prevalent and dominates existing solutions at 30 to 
40 km wavelength. At these and shorter wavelengths the geological signal is effectively 
masked by the noise. Examples of the resolution for Gulf of Mexico and Sulawesi, 
Indonesia and other areas of SE Asia will be shown.  

INTRODUCTION 

Converting sea-surface height variations, derived from satellite altimetry, to free air 
gravity is not new. What is new is our ability to use existing satellite data to resolve 
anomalies down to 10 km wavelength and to within 2 to 5 km of the coast globally. This 
article reports on the recently completed global study to map all the ice-free continental 
margins (Figure 1) at their high resolution to aid oil companies in their exploration of the 
deep-water parts of these margins. 

In the mid-1980s William Haxby (1987) produced the first global marine gravity map 
from SeaSat satellite altimeter data with orbital track spacing of about 150 km at the 
equator. Haxby’s map had a significant impact on plate tectonic theory because marine 
free air gravity data were able for the first time to image uniformly the tectonic fabric of 
the Earth’s oceanic crust. 
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Figure 1. Coverage plot of the Global Continental Margins Gravity Study 

Since that time, much effort has been applied to improving satellite-derived gravity 
resolution. A major advance occurred in 1995, when the altimeter data from the Geodetic 
Missions (GM) of Geosat and ERS-1 satellites were released. By combining their orbital 
tracks, a track density of ~3 km was achieved at the equator, with increasing track 
density toward the poles. This resulted in a spectacular global marine gravity model 
developed by Sandwell and Smith (1997), based on the sea-surface height data provided 
by NASA (Geosat) and Eurimage (ERS-1). Despite the dense spatial coverage of the 
orbital tracks (~3 km), it was surprising that the overall resolution of this new data set 
was no better than 30 to 40 km. Could better resolution be achieved?  

In 1993, GETECH started working with the International Gravity Bureau (Toulouse, 
France) and showed that by improving and refining the processing procedures, the 
resolution could be improved to about 20 km using the same publicly available data 
(Olgiati et al, 1995) 

Visual inspection of the ERS-1 repeat track data indicated a significant noise envelope, 
which suggested the major resolution problem was the way the return radar waveform 
onsets had originally been picked. GETECH thus set out to investigate this, by repicking 
(or retracking) the sea-surface heights from the “raw” radar waveform data (Maus et al, 
1998). To reprocess the entire GM datasets of Geosat and ERS-1 had not previously been 
done. This was due in part to the large data volumes involved, i.e., in 1997 it took a total 
of 6 months to download the data onto 130 exabytes and 3 months to load them into our 
computer system. GETECH raised funds from UK Government agencies, followed by an 
oil industry consortium study, to develop the technology and to test it out over a selected 
area in the Gulf of Mexico. The study proved highly successful such that that a further 
oil industry consortium was formed in 2002 to map the ice-free global continental 
margins out to ~500 km from the coast (Figure 1). 
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METHOD  

The easiest way to understand what satellite-derived gravity is and how it is determined 
is to think of it as a mega seismic experiment to map the sea surface from 800 km above 
the Earth. The shape of the sea surface, if there were no disturbing effects such as wind, 
currents, tides, temperature variations etc., is an equipotential surface of the Earth’s 
gravity field. The vertical gradient of this equipotential surface (sea surface) gives the 
free air gravity anomaly which is measured at the sea surface not at the satellite height of 
800 km. The satellite seismic source is radar, with pulses of 13.5 GHz emitted at a rate of 
1020 times a second.  After 50- and 100-fold stacking of the data on board the ERS1 and 
Geosat satellites, the data were then transmitted back to Earth as 1/20 s and 1/10 s 
waveform datasets respectively. The waveform data sampling was 3 ns (equivalent to 45 
cm in sea-surface height) and sampled the sea surface at 350 m spacing (ERS1) and 700 
m (Geosat).  

Data processing can be considered to be split into three distinct operations (Figure 2): 
repicking (or retracking); the application of transmission and tidal corrections and 
editing; and integrating the two datasets using ‘geoid to gravity’, which involves the 
precise application of micro-levelling (Fairhead et al, 2001). Figure 2 shows the 
processing sequence. The Database is central to all the processing steps to record 
changes in point values due to editing and application of corrections (wet and dry 
Troposphere, tidal corrections etc.)  The importance of recording such changes in the 
database allows, when necessary, these changes to be reversed or modified in later parts 
of the processing sequence.  

 

Figure 2. Satellite-derived gravity: Processing Flow Diagram  
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Waveform Retracking 

The methods for repicking the ERS-1 data have been developed over 7 years and have 
been designed to handle the noise problems in the data and the undersampling of the 
waveform along the leading edge (not a problem with Geosat data, which had twice the 
sampling in the region of the leading edge) and the variability between adjacent 
waveforms. To track the onsets of the waveforms a synthetic signal (Figure 3B) was 
constructed that uses the slope of the leading edge and its amplitude, so that the midpoint 
position of the leading edge (MSL at 50%, see Figure.4) can be determined. This 
synthetic waveform is then used to cross correlate with the waveforms to determine their 
onset times. 

Using such a synthetic waveform, up to 40 waveforms were inverted together to 
determine the 42 unknowns of average amplitude, average slope and 40 onset times. This 
method allowed us to isolate waveforms that did not conform within specified limits and 
these waveform results can be either removed from subsequent analysis and/or visually 
inspected.  This type of analysis has allowed us to track reliably the waveforms to within 
2 to 5 km from the coastline. 

 

Figure 3. Stacked 40 consecutive waveforms representing 2 seconds or 16 km of data along the 
orbital track. If no noise is present on the leading edge then a perfect stack would be 

produced.  (A) shows stack of poorly picked agency data with large noise scatter;  (B) 
shows the synthetic signal (red) used to match the leading edge and triangular 
sampling points on the raw waveform data; and (C) same stack after GETECH 

picking reducing scatter by factor of 5. 
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Corrections and Editing 

For altimeter range and tidal corrections see Fairhead et al, (2001). Automatic editing of 
the largest data spikes is carried out prior to the time consuming iterative manual editing 
using computer visualisation software to view swaths of 15 orbital tracks simultaneously 
as well as their individual waveforms. This editing is done prior to and after both the 
geoid construction and the gravity conversion to eliminate spurious values. 

Geoid to Gravity 

Converting the repicked sea-surface heights to their gravity equivalent is a complex 
process. The sea-surface heights can be considered as geoid heights. We have used the 
‘geoid to gravity’ method rather than the ‘along track gradient’ method used by Sandwell 
and Smith (1997). The reasons were our need to generate a reliable geoid model and that 
geoid grid interpolation is more robust than derivative grid interpolation in the presence 
of noise and where data coverage is irregular. Figure 6 illustrates the ‘geoid to gravity’ 
method for the Black Sea after the removal of the 0.5 degree EGM96 reference geoid 
model. The method relies on the removal of orbital errors without filtering the data. This 
is achieved by initially applying cross-over-error corrections and then applying GETECH 
proprietary micro-levelling methods. Micro-levelled sea-surface heights are then 
converted to gravity by a Fourier domain operation, which in its simplest form is the 
vertical derivative of the geoid surface. The gravity equivalent of the EGM96 reference 
model is then restored to produce the free air anomaly gravity field. 

 

Figure 4. The change in shape of the radar return signal due to changes in sea conditions. The 
mean sea level (MSL) occurs at the 50% level for incident (AB for calm sea) and 

emergent (CD for rough sea) returning radar signals. The black and red wavy lines 
represent calm and rough sea surfaces, respectively. 
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Figure 5. Bathymetry data for offshore Brazil 

 

For the free air gravity data to be of value in oil exploration, the bathymetry has also to 
be accurate to define the Bouguer or Isostatic gravity anomalies. Thus a major effort has 
been made in the Global Continental Margins Gravity Study to improve the resolution of 
the GEBCO bathymetry grid for the continental margins by supplementing it with 
GETECH held data, e.g., offshore Brazil (Figure 5).  

 

Figure 6. Black Sea example of the ‘geoid to gravity’ method of converting sea-surface heights to 
gravity using micro-levelling to minimise sea-surface height errors (best viewed from 

digital file) 

 

 

 



 

Sustainable Development of Geo-resources and Geo-environment 101

Figure 7. Comparison of Sandwell and Smith (S &S) and GETECH solutions for the southern 
Gulf of Mexico - Yucatan Peninsula centred on the Chicxulub impact crater. Upper panels show 
regional character of marine Free air data merged with the onshore Bouguer land gravity (same 
in both images) and their difference plot bottom right. The Total Horizontal derivatives of each 
solution (THDR, bottom left and centre) are for the more restricted marine area and show the 
different wavelength character of their respective fields. The grid mesh shown is one degree 

latitude by one degree longitude. Arrows identify subtle linear anomalies not seen in the public 
domain data (bottom left). 

RESOLUTION  EXAMPLES  

To appreciate the resolution improvements that the GETECH method generates with the 
repicked data one needs to use larger scale maps preferably showing total horizontal 
derivative (THDR) of the free air anomaly to accentuate the short wavelength component 
of the signal in the wavelength range 10 to 100 km. This was done for the southern Gulf 
of Mexico and northern Sulawesi, Indonesia. By necessity, to show resolution 
improvements we compared our results with publicly available data and have used the 
Sandwell and Smith solution. Data comparisons in Figures 7 and 8 show that by 
improving the quality of the input data by repicking and careful editing, as well as using 
our micro-levelling and gravity conversion methods, then a significantly higher 
resolution solution can be generated. 

Southern Gulf of Mexico Comparison (Figure 7): The difference in resolution is 
striking and obvious at all wavelengths, the outer continental margin is better defined, as 
are features on the shelf and in deep water. The free air gravity difference plot (lower 
right) shows that noise is endemic in the public domain solution due principally to the 
poor agency picking of the ERS-1 radar onsets. The GETECH solution is more isotropic 
and clearly delineates north-south striking features. 
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Northern Sulawesi Comparison (Figure 8):  The lack of agency picked data close to 
the coastlines has a disastrous effect on the Sandwell and Smith solution such that all that 
can be seen in the Total Horizontal derivative image (Figure 8, left hand panel) is orbital 
track noise. The GETECH solution by comparison is mapping coherent signal to within 5 

km of the coast. 

Figure 8. Comparison between Sandwell and Smith (S & S) and GETECH Total Horizontal 
Derivative (THDR) solutions for northern Sulawesi, Indonesia. The lack of data close to the 

coast and the orbital track contamination is obvious in the S & S solution. 

 

CONCLUSIONS 

By careful and time consuming research into satellite gravity resolution, GETECH has 
extracted the maximum possible signal from the altimeter data to generate gravity 
anomaly data down to 10 km wavelength from a mesh of orbital tracks that have ~3 km 
line spacing. These results are now being used to systematically screen the deep-water 
continental margins of the world, in terms of their hydrocarbon potential 
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The Current State of Geothermal Development in Indonesia 

Sjafra Dwipa & Bambang Setiawan 
Directorate of Mineral Resources Inventory (DMRI), Indonesia 

Abstract 
 After being static at 807 MW for almost four years, renewed intensification of the 
development of geothermal energy for power generation is being encouraged again by 
the Government of Indonesia. To this end various policies have been issued. One of the 
newest was the Geothermal Development Road-map. The other policies were the 
National Energy Policy 2003 – 2010, supported by Law No. 20 of 2003 on Electricity 
together with Law No. 27 of 2003 on Geothermal Energy. In the road-map the 
development of geothermal resources is targeted for power plants to increase capacity 
from 807 MW to 2000 MW by 2008 and rise to a total of 6000 MW by 2020. 
Currently, eight geothermal areas are being developed to produce 822.5 MW and the 
eight power plants are scheduled to be operational in the next three years. These areas 
include Lahendong + 40 MW; Kamojang + 60 MW; Wayang Windu + 110 MW; 
Darajat + 110 MW; Ulu Belu 110 MW; Lumut Balai 330 MW; Tompaso 60 MW and 
Mataloko 2.5 MW. It is expected that the total installed capacity of geothermal power 
plants will rise to 1629.5 MW by 2007. 

INTRODUCTION 

Indonesia may have the highest geothermal power potential of any nation. Trial 
calculations indicate that forty percent (equivalence of approximately 27,189 MW ≈ 11 
Billion BOE) of geothermal energy in the earth’s crust is released in the Indonesian 
archipelago and neighbouring areas (Table. 1). However, only 807 MW electricity 
generated from geothermal energy has been used as of 2007 (Figure. 1). Geothermal 
development in Indonesia is concentrated mostly in Sumatra, Java – Bali and North 
Sulawesi. In the period of January 1995 to January 2003, almost no regional surveys 
were done by private companies. Detailed surveys were performed within proven fields 
with two main objectives: to delineate possible field extensions and to increase the 
accuracy of drilling targets. The government, however, has conducted surface 
exploration and collected data from fifteen geothermal areas in the eastern part of 
Indonesia. To encourage the participation of the private sector and speed up geothermal 
development, new regulations for the power sector and geothermal development have 
been introduced. It is hoped that these regulations will encourage investment to develop 
geothermal energy in order to fulfil an increasing electricity demand in Indonesia. 

This paper presents the current geothermal development situation, outlines the road-map 
for geothermal development and geothermal law and an overview energy policy in 
Indonesia.  
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CURRENT GEOTHERMAL DEVELOPMENT 

It is only during the last thirty years that geothermal potentials have been explored and 
developed in Indonesia. Half of this potential is found on Java and Bali, the most densely 
populated islands in Indonesia, which are in great need of energy resources. The 
exploration and development activities are projected to solve the problem in increasing 
electrical demand and increase diversification of energy resources. 

Today, the installed geothermal electricity generation capacity in this country is 807 MW. 
The developed geothermal locations are distributed in 7 areas: Kamojang, Darajat, 
Wayang Windu and Salak in West Java; Dieng in Central Java; Sibayak in North 
Sumatera and Lahendong in North Sulawesi (Figure. 1 and Table 2).  

The energy business has always been and will always remain capital intensive. It is 
always associated with high risk anywhere in the world. The economics of resources 
development is therefore playing a decisive role. Geothermal development in Indonesia 
is no exception to the rule. As a result of the relatively remote locations and the 
applicable technology, geothermal steam as an energy resource, at the present is 
relatively more expensive than other sources of energy available in Indonesia. Indonesia 
is currently in the process of improving the economics of geothermal development in 
order to enable geothermal power to compete with other sources of domestic energy. On 
the economic side, the government has been gradually increasing the electricity price and 
lift-up oil subsidiary and will became marketed price by the year 2005. In addition, the 
government is willing to share the upstream development risk by implementing various 
geothermal energy-related projects, including surveys of resources, especially for the 
remote areas. 

In an effort to accelerate geothermal development, the government has invited private 
participation, including foreign interests. Recently Pertamina has been undertaking 
follow-up development of three geothermal power projects of 210 MW with an estimated 
capital investment of US$200 million. One of the three projects will increase its 
production capacity from the steam well and the other two projects will increase the 
power capacity of two geothermal power plants. These three projects are additional to the 
three geothermal power plant projects jointly operated by the Philippine National Oil 
Company (PNOC) and the Marubeni Corporation. 
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Table 1. Indonesia’s Geothermal Potential 

 

Figure 1. Geothermal Installed Capacity 

 

 RESOURCES ( MWe ) RESERVES (MWe)
LOCATION 

SPECULATIVE HYPOTHET
ICAL 

POSSIBLE PROBABLE PROVEN 

SUMATRA 5,705 2,433 5,419 15 499

JAVA - BALI 2,300 1,611 3,088 603 1,727

NUSA TENGGARA 150 438 631 14

SULAWESI 1,000 125 632 110 65

MALUKU / IRIAN 325 117 142 - -

Total  
251 locations 

9,530 4,714 9,912 728 2,305

14,244 12,945

-

KALIMANTAN 50 ----

Total : 27,189

INSTALLED
CAPACITY

Total 
807 MWe

2

785

20

 

SIBAYAK 
Capacity 
(2 MWe) 

 

LAHENDONG 
Capacity 

(20 MWe) 

DIENG 
Capacity 

(60 MWe) 

G. SALAK 
Capacity 

(330 MWe) 

BANDUNG 

BEKASI 

BOGOR 

CIANJUR 
SUKABUMI 

PURWAKARTA 

GARU

TASIK BANJAR 

INDRAMAYU 

CIREBON 

KUNINGAN 

SUMEDANG 

WAYANG WINDU 
Capacity 

(110 MWe) 

KAMOJANG 
Capacity 

(140 MWe) 

DARAJAT 
Capacity 

(145 MWe) 
MWe) 

West java 
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As mentioned above, one of the three new projects will increase the steam production 
capacity of the 40 MW Lahendong geothermal well of North Sulawesi (Figure 2 and 
Tables 2 & 3). The other two projects increase the 60 MW power plant production 
capacity of the Kamojang geothermal power plant and increase the 110 MW Wayang 
Windu geothermal power plants. Both Kamojang and Wayang Windu geothermal fields 
are located in West Java (Figure 2 and Tables 2 & 3). These three projects were started at 
the beginning of 2005 and are estimated to be completed in the next year, with the 
electricity to be produced available from 2006. The electricity and geothermal steam sale 
and purchase contracts from the developed projects had been agreed by PLN, the 
manager of the national electricity market.  

The investment financed the development of the Kamojang geothermal power plant from 
140 MW to 200 MW, the Wayang Windu geothermal power plant from 110 MW to 
2x110 MW, and that of the Lahendong geothermal well and field from 20 MW to 60 
MW. The Wayang Windu geothermal power plant projects required extensive new 
funding fund because they were an acquired project from a former investor.  

Previously PT Pertamina agreed to the joint development of other projects with the 
PNOC and Marubeni Corporation with a project value of US$750 million. The Japanese 
investment in Indonesia was agreed with the signing of a letter of agreement in Tokyo on 
17 December 2003. The projects to be jointly operated with the PNOC and Marubeni 
Corporation will be the 2 x 55 Ulu Belu geothermal power plants in Lampung, the 330 
MW Lumut Balai geothermal power plants in South Sumatra and the 60 MW Tompaso 
Lahendong geothermal power plants in North Sulawesi (Figure 2 and Table 3). As 
scheduled, the three geothermal power plants will be operational as of 2007. 

The Darajat geothermal field of West Java is operated by Amoseas of Indonesia Inc. An 
amount of steam that is capable of supplying 150 MW is already available in the 
production wellheads. Amoseas plan to generate additional electricity of 110 MW. Civil 
engineering activities for power plant unit 3 and steam line facilities were started in mid 
2003. It is scheduled that unit 3 will operate commercially from early 2006.  

The Mataloko geothermal field near Bajawa, central Flores (Figure 2 and Table 3), was 
selected as a small-scale pilot project. Intensive investigations were based on a five-year 
(1997–2002) Indonesia-Japan bilateral co-operation program named “Research 
Cooperation Project on the Exploration of Small-scale Geothermal Resources in the 
Eastern Part of Indonesia” (ESSEI). An exploration well has encountered a steam zone 
which produces 15 ton per hour (approximately 1.5 MW equivalents) of dry steam at a 
depth of 180 meters. Accordingly, DMRI has drilled geothermal production wells in 
Fiscal Year 2003 - 2004. The local government provided the land and PLN will install 
power generation to produce 2.5 MW by 2005. 
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ROAD-MAP OF GEOTHERMAL DEVELOPMENT 

It is apparent that the geothermal resources of Indonesia have been neglected and are 
underdeveloped in spite of their huge potential. Due to the fact that hydrocarbon 
resources in Indonesia, although quite substantial, are not so abundant, and since there is 
a limit to the amount of coal that can be burned, an integrated energy policy has been 
required  The first three targets of the National Energy Policy are: (1) improving the role 
of the energy business toward market mechanisms to increase added value; (2) achieving 
an electrification ratio of 90% by the year 2020; (3) reaching renewable (non large 
hydro) energy shares in the energy-mix of at least 5% by 2020. Therefore, geothermal 
energy has become more attractive to be tapped as an important source of energy for the 
first decade of this century. Accordingly, plans have been drawn up to further develop 
these resources, and to develop them rapidly. 

 

Figure 2. The Future Installed Capacity Geothermal Power Plant 
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Table 2. The Installed Capacity of Geothermal Power Plant in Indonesia 

Geothermal 
Field 

Drilling 
depth (m) 

Temp (0C) 
system Unit 

Capacity 
(MWe) 

Installed Developer 
 

Kamojang,  
West Java 

1000-2200 220-245 
dry steam 

1,2,3     140 1983 
1987 

(#)PLN- 
PERTAMINA 

Darajat,  
West Java 

1100-2800 220-245 
dry steam 

1 
2 

      55 
      90 

1994 
1999 

(#*)PLN- 
AMOSEAS 

G.Salak,  
West Java 

1250-3210 221-312 
water dam 

1,2,3 
4,5,6 

    110 
    220 

1994, 
1998 

(*)UNOCAL 
PERTAMINA 

Wayang 
Windu, West 
Java 

1200-2000 220-300 
two phase 

1     110 2000 (**)UNOCAL 
PERTAMINA 

Dieng,  
Central Java 

1200-2000 220-300 
two phase 

1,2       60 1998 PLN- 
PERTAMINA 

Sibayak,  
North Sumatra 

1000-1800 220-301 
water dom. 

1, 
mono 
block 

        2 1998 (*)PLN- 
PERTAMINA 

Lahendong, 
North 
Sulawesi 

500- 
2000 

220-280 
two phase 

1,2 
 

      20 2001 (#)PLN-
PERTAMINA 

Contract:  #  ESC (Energy Sales Contract) 
• JOC (Joint Operation Contract) 

 

The geothermal development plan is called a “Road-map of Geothermal Development”. 
The main objective of this guidance is to generate 6000 MW of electricity from 
geothermal energy by the year of 2020. In the detailed program, the target is divided into 
four periods. It is expected that the contribution of geothermal power plants will become 
2000 MW in 2008, 3400 MW in 2012, 4600 MW in 2016 and 6000 MW in 2020 
respectively (Figure 3 and Table 4). 

To reach the target capacity, several strategic steps have to be taken, namely: (1) studying 
the legal aspects for the possibility of collecting royalties in advance for local 
government; (2) implementing the competent controlling institution, especially for the 
existing contracts; (3) preparing guidance for community development; (4) coordinating 
between stakeholders on environmental and land-use aspects; (5) assessing the resources 
for further development; (6) ensuring national electricity planning; (7) negotiating steam 
and electricity prices for the new expansion; (8) ensuring the development of working 
areas that are temporarily kept by Pertamina; (9) issuing the government ordinance to 
avoid conflict with forestry areas.  
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Figure 3. Road-map for Geothermal Development  

 

Table 3. The Future Installed Capacity of Geothermal Power Plants 

Geothermal Field 
Unit 

Capacity 
(MWe) 

Installed Developer 
 

Kamojang, West Java 4 60 2006 PERTAMINA 
Darajat, West Java 3 110 2006 AMOSEAS 
Wayang Windu, West Java 2 110 2006 (**)UNOCAL 

PERTAMINA 
Ulu Belu, Lampung 1,2 110 2007 PERTAMINA 
Lumut Balai, South Sumatera 1 330 2007 PERTAMINA 
Tompaso, North Sulawesi 1 60 2007 PERTAMINA 
Lahendong,, North Sulawesi 3 60 2007 PERTAMINA 
Mataloko, East Nusatenggara 1 2.5 2006 PLN 

 

 

 

NEP 
“Renewable Energy 

5%  
of Energy-Mix” 

2004 2020 

3,442 
MW

807 MW  
(production) 

6,000 MW 
(target) 

1,193 MW     
from Existing 

Working Areas 

2,000 
MW 

1,158 MW  
from Existing + 

New  
Working Areas 

4,600 
MW

2004 2020 2012 

2008 2012 2016

 

 Geothermal Road-map 

1,442 MW    
from Existing 

Working Areas

1,400 MW  
 from New  
Working 

Areas 

Utilization Development of 6,000 MW: 2004 - 2020 

GEOTHERMAL DEVELOPMENT TIME FRAME FOR 27,000 MW 

Long-term Development for 21,000 MW + non volcanic : 



 

Sustainable Development of Geo-resources and Geo-environment 110 

 THE NATIONAL ENERGY POLICY (NEP) 

Energy plays an important role in achieving social, economic and environmental goals 
for sustainable development. In most countries, including Indonesia, domestic energy 
demand is met mostly from fossil energy sources, particularly from oil, though proven 
reserves of oil are limited. Although the contribution of oil has gradually decreased from 
87.7% (1969/1970) to 54% (2002), total oil consumption is relatively high, with the 
growth rate 6.1% per year, followed by natural gas and coal. On the other hand, 
Indonesia’s renewable energy reserves are abundant, but utilization is still far below its 
potential.  

 

Table 4. Geothermal Working Areas and Development Planning 

No. Geothermal Field Developer 
Production

(2004) 

Development 
Planning 

Up to 2008 

Development 
Planning 

Up to 2012 
1 Sibayak  Pertamina 2 10 40 
2 Sibual-Buali (Sarula) PLN  220 220 
3 Sungaipenuh Pertamina   55 
4 Hululais-Tambang Sawah Pertamina   55 
5 Lumut Balai Pertamina  110 110 
6 Waypanas (Ulu Belu) Pertamina  110 110 
7 Cibeureum-Parabakti 

(Salak) 
Unocal 330 0 110 

8 Pangalengan 
 Kawah Cibuni  
 Gunung Patuha 
 Wayang Windu 

 
Yala Teknosa 

Geodipa 
MNL 

 
 
 

110 

 
10 

120 
110 

 
0 

60 
110 

9 Kamojang-Darajat 
 Kamojang 
 Darajat 

 
Pertamina 
Amoseas 

 
140 
145 

 
60 

110 

 
60 
75 

10 Karaha, Cakrabuana KBC  55 55 
11 Dtt. Dieng Geodipa 60 120 60 
12 Iyang, Argopuro Pertamina   55 
13 Tabanan, Bali (Bedugul) Bali Energy  10 110 
14 Lahendong Pertamina 20 60 40 
15 Kotamobagu Pertamina   60 
16 Tulehu PLN   16 
17 Mataloko PLN  2 6 
18 Ulumbu PLN  6 0 

Total  807 1193 1442 
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In addition, during the period of 1990-2002, the average growth of energy demand and 
supply was about 6% to 7% respectively. This higher growth was particularly due to 
economic growth and population growth. However, the per capita energy consumption 
was relatively low at about 3.37 BOE per capita, while the energy intensity is 3.39 
BOE/thousand US$. 

Realizing the present energy condition, the government has launched the National 
Energy Policy (NEP) in order to enable the coordination and synergy of all stakeholders 
in energy sector.  The vision of the policy is “guaranteeing the sustainable energy supply 
to support the national interest” ; while the missions are “(1) guaranteeing domestic 
energy supply; (2) improving the added value of energy sources; (3) managing energy 
ethically and in a sustainable way and considering preservation of environmental 
functions; (4) providing affordable energy for the poor; and (5) developing national 
capability”. 

 The targets of NEP are: (1) improving the role of the energy business toward market 
mechanisms to increase added value; (2) achieving an electrification ratio of 90% by the 
year 2020; (3) reaching renewable (non large hydro) energy shares in the energy mix of 
at least 5% by 2020; (4) realizing an energy infrastructure, which is able to maximize 
public access to energy and energy use for export; (5) increasing strategic partnerships 
between national and international energy companies in exploring domestic and export 
energy resources; (6) decreasing energy intensity by 1% per year therefore the elasticity 
to be 1 by 2020; and (7) increasing the local content and improving the role of national 
human resources in the energy industries 

To reach the energy targets, various strategies have adopted, namely: (1) restructuring the 
energy sector; (2) implementing a market based economy; (3) developing regional 
empowerment in the energy sector; (4) developing energy infrastructures; (5) improving 
energy efficiency; (6) improving the role of the national energy industry; (7) improving 
national energy supporting activities (services and industries); and (8) empowering the 
community. 

To ensure the achievement of the targets, the policy measures to be pursued are: (1) 
intensification measures to be taken to increase the availability of energy in parallel with 
national development and population growth; (2) diversification measures taken to 
increase coal and gas shares, which have a larger potential than oil, and to increase the 
renewable energy share, which has a huge, potential and is clean; and (3) conservation 
measures taken to improve energy efficiency by developing and using energy saving 
technology both in the upstream and downstream sectors. 
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In line with the strategy, several action plans have to be developed for:  (1) the upstream 
side (oil, gas, coal, geothermal, hydro power, other renewable energy resources, nuclear 
energy, other new energy resources); (2) downstream side (petroleum, gas pipeline, gas 
fuel and LPG, electricity); (3) energy utilization (household and commercial sector, 
industry sector, transportation sector); (4) human resources development; (5) research 
development; and (6) community development in supplying energy to empower the local 
society. 

The development and utilization of geothermal energy in Indonesia is of great 
importance, as it is expected to be capable of overcoming the domestic energy problems, 
including those arising from the difficult access to the remote areas, replacing the role of 
fossil fuels that can then be exported to earn foreign exchange for to the state.  Secondly, 
in anticipation of ever-increasing need for energy in Indonesia, which might cause 
Indonesia to become a “net oil importer” nation, endeavours to utilize alternative energy 
are necessary.  Therefore, the utilization of geothermal energy needs to have a high 
priority in the national energy policy. 

GEOTHERMAL LAW 

The development of geothermal energy in Indonesia has undergone its ups and downs 
owing to the lack of a consistent legal basis for security for the operators that might 
increase the risks in their investment, aggravated by the economic crisis that affects the 
commercial aspect. It is worth noting that the recent political and structural changes in 
Indonesia have created a business environment that is more conducive than ever before 
to convincing the stakeholders regarding the value of restructuring the energy sector in 
support of the national economy 

The objective condition that has recently been developing indicates the presence of 
opportunities for the resurgence of geothermal business in Indonesia. The Indonesian 
government is fully aware that operators in the energy sector are largely dominated by 
global and multi-national companies, who will not only consider good business prospects 
when investing, but also the support of a more reliable and stable government, and better 
security and certainty of law. In order to support this effort, the legal basis required for 
geothermal exploitation/utilization needs to be strengthened with a Geothermal Law.   

The formed process of geothermal law is aimed at making the competition in this sector 
more challenging and rewarding.  For example, new opportunities for investments will 
emerge in the geothermal energy sector, underlying vast opening in upstream activities 
and the release of the downstream activities to the private sector. This is also true in 
oil/gas and coal mining as well as the electricity business. 
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The Geothermal Law was issued on 23 of October, 2003. This Law regulates the 
upstream business of geothermal and consists of 15 Chapters and 44 Articles. The 
downstream business that engages in electric power generation shall be subject to the 
prevailing Electric Law No. 20/2002.  

This regulation provides certainty of law to the industry required because of the huge of 
potential of Indonesia’s geothermal resources and its vital role in ensuring Indonesia’s 
strategic security of energy supply, and its ability to add value as an alternative energy to 
the fossil fuel for domestic use. A complete list of chapters is not presented here but 
rather, a short note on Vision, Mission, Objective, Mining Right, Operational Activities 
and Geothermal Business Permit is presented 

• Vision 

Geothermal energy plays an important role as a renewable natural resource of choice 
among the variety of national energy resources to support sustainable development 
and to help bring about a prosperous society 

• Mission 

To manage geothermal energy resource development as mandated by the law: 

o To encourage and stimulate geothermal energy activities for the sustainable 
fulfilment of national energy needs. 

o To reduce dependence on oil-based fuels, thereby conserving oil reserves 

• Objectives 

o Control the utilization of geothermal energy business activities to support 
sustainable development and provide overall added value 

o Increase revenues for the state and the public to support national economy 
growth for the sake of increased public prosperity and welfare 

Mining Right 

The government of Indonesia (“Government”) carries out the execution of the mining 
right. In doing so, the Government may delegate its mining right to the Regional 
Government depending on the extent of the location of the geothermal reservoirs and the 
utilization of the resource. If it is contained and utilized within the region, the Regional 
Government is granted the authority to execute the geothermal mining right. 

Operational and Economic Activities 

The Government may conduct exploration activities for gathering data and information 
on geothermal prospects in order to determine the Geothermal Working Area and to 
prepare for tendering process of the geothermal economic undertaking. It will take over a 
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steam field development risk, hence; will give significant impacts on price. The 
regulation shows that the government will explore and drill two or three exploration 
wells. Tendering by the government will bring in fair competition. The improvement in 
efficiency, sustainability and productivity of existing fields should be performed through 
technology improvement and optimal utilization. Transparency is one of the new 
government roles promoted to eliminate anti-competitive practices. 

Geothermal Business Permit 

The permit is granted to the company upon winning the tendering process to conduct 
economic activities for exploring and exploiting geothermal energy in specific working 
area. Government or Regional Government, depending on the coverage area of 
geothermal prospect, can issue the permit, namely IUP, whether it covers more than one 
region, and the utilization of the geothermal resources. 

INVESTMENT OPPORTUNITIES 

The Government of Indonesia decided not to build any new big scale hydro power plant. 
It is not just because it is season dependent but also requires large areas. In addition, 
abundant river sedimentation may cause shall owing and force to temporary shutdown of 
the power generators during the dry season. Consequently, the Government is seeking 
other energy sources like geothermal to fulfil the rapidly increasing demand for 
electricity in many areas. 

There are 3 (three) promising geothermal areas that can be selected (Figure 4). These 
areas include Patuha geothermal field in West Java; Dieng geothermal field in Central 
Java and Sarula Geothermal field in North Sumatra. For these geothermal fields the 
steams are already in the wellhead and the Dieng geothermal fields are in the expansion 
stage. 

Investment opportunities in the indicated main businesses mentioned above are very high 
due to increasing demand and the government’s limited funds. In addition, opportunity in 
the field of related supporting businesses such as engineering, testing and other services 
are also open. 

ENERGY LAW 

At the present, the government and parliament are preparing an Energy Law following 
the 2003 National Energy Policy. This law will regulate the optimizing of the use of 
energy resources in Indonesia. The Law might regulate to ensure the security of energy 
supply by increasing the utilization of renewable energy. 
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CONCLUSIONS 

It is expected that geothermal energy, being a renewable energy resource, will become a 
significant contributor to the country’s energy and livelihood in the future. Considering 
that the bulk of utilization of this particular energy source is still on high-enthalpy fields, 
then, much remains for development. In this respect, the private sector is invited to 
actively participate in geothermal exploration and development activities in Indonesia. 

Today, eight geothermal areas are being developed and as scheduled the eight power 
plants will be operated as of 2007. These areas are Lahendong + 40 MW; Kamojang + 60 
MW; Wayang Windu + 110 MW; Darajat + 110 MW; Ulu Belu 110 MW; Lumut Balai 
330 MW; Tompaso 60 MW and Mataloko 2.5 MW. The total installed capacity of 
geothermal power plant in Indonesia will become of 1,629.5 MW by 2007. 

The new Indonesian energy policy, geothermal law and geothermal development 
guidance will give impetus to geothermal projects that contribute to regional 
development such as off-grid rural electrification and direct geothermal uses for 
agribusiness. 

Figure 4. Investment Opportunities in the Power Sector 

Patuha (West Java) 

Sarulla (North Sumatra) 

Dieng (Central Java) 
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WHYMAP and Groundwater Resource in East and Southeast 
Asia 

Han Zaisheng1, 2 & Wang Hao2 
1 Department of Hydrogeology and Environmental Geology, China Geological Survey 

2 School of Water Resources and Environment, China University of Geosciences  

INTRODUCTION 

The World-wide Hydrogeological Mapping and Assessment Programme (WHYMAP) is 
organized by UNESCO-IHP and IGCP, CGMW - Commission for the Geological Map of 
the World, IAH - International Association of Hydrogeologists, IAEA – International 
Atomic Energy Agency and BGR – German Federal Institute for Geosciences and 
Natural Resources. The objectives are:  

• Summarize groundwater on a global scale,  

• Do this through a geo-referenced information GIS,  

• Provide map based information on groundwater to contribute to the international 
understanding of world water systems,  

• View groundwater data on a World Map at 1:25 M scale.  

Three WHYMAP steering committee Workshops were held in 2003, 2004 and 2005 
respectively. Wall maps showed the recent achievements, particularly the enthusiastic 
and widespread acceptance of the 1:50 M scale special edition map by the 32nd 
International Geological Congress in Florence in August 2004. Other working maps were 
supplied in order to demonstrate how it might be possible to depict a number of 
cartographic or hydrogeological issues and to show the difficulties of presentation at the 
given scales. 

 The selected features chiefly cover the nature of groundwater regimes and whether or 
not they are regularly recharged. This is shown by colour wash and aims to ensure that 
the resources are managed in the most sustainable way. The most important groundwater 
basins have been shown in blue colour. Green colour symbolises hydrogeological 
environments of complex structure. Both the areas are divided into three subclasses 
according to water recharge. Brown Colour outlines area with local and shallow aquifers 
in which relatively dense bedrock is exposed at the surface. Orange hatching has been 
applied in areas where the salinity of the groundwater regionally exceeds 5 g/L. In these 
places the groundwater is generally not suitable for human consumption. The web 
mapping applications of WHYMAP is in Internet address 
http://www.bgr.de/app/whymap/. At a scale larger than 1:10 M the programme leads to 
the existing regional maps for readers who wish more details. The WHYMAP 
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information system will be expanded, gradually by integrating more pictures of national 
maps. These auxiliary maps also were considered for eventual inclusion as inserts on the 
main map or in the planned explanatory notes. The Draft of the Groundwater Resources 
Map of the World at a scale of 1:25 M will be produced in time for the 50th anniversary 
of IAH, at IAH Congress, Beijing in 2006. Publication of the final map including 
explanatory notes will be at UNESCO General Conference, Paris Autumn 2007. 

GROUNDWATER RESOURCES 

Groundwater resources in East and Southeast Asia are various. The vast plains in this 
region occupy the areas of the large subsided basins. The sedimentary rocks, especially 
unconsolidated Quaternary sediments, are very thick with good storage capacity. The 
deep fissure water is relatively abundant in confined aquifers. There is little rainfall and 
strong evaporation in the inland arid areas of middle Asia. However the thawing of 
glaciers and snow from high mountains is favorable for recharge of groundwater. The 
loess plateau in the middle of Asia has a specific topography and aquifers are only 
continuously distributed in loess tablelands. Carbonate rocks are widely distributed in 
Southeast Asia. In south China and the Indochina peninsula, there are stratified 
limestones of late Paleozoic and Mesozoic age in many areas of which karst is 
developed. The reef karst is found in the coastal islands. 

 In the arid and semi-arid areas, the salt content in shallow groundwater is high. Also, in 
some coastal areas, seawater intrusion causes groundwater to become saline or brackish.  
Quaternary volcanic rocks are extensive on the circum-Pacific islands, which forming 
asymmetrical ring-like aquifers. On the piedmonts of volcanoes, spring water with good 
water quality is often found.  

There are several transboundary aquifers, which concern two or more countries, in east 
and Southeast Asia. There are also important rivers which pass through several countries, 
such as the Mekong, Ganges and Heilongjiang Rivers. 

Various assessments of groundwater resources have been made in Asia during the last 20 
years. UNESCO has presented an overview of the available water resources, land area 
and population of Asian countries as in Table 1. The information for water resources is 
from FAO: AQUASTAT 2002, land and population from FAOSTAT. The 
Hydrogeological Map of Asia (1:8 M), which was compiled by the Institute of 
Hydrogeology and Engineering Geology, Chinese Academy of Geological Sciences, is 
the basis of the Asia part of the world map. The new achievements on groundwater 
resources assessment in China and other areas of east and Southeast Asia have been used 
to modify the map. 
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CONCLUDING REMARKS 

The map clearly shows that the conditions of groundwater storage vary from area to area. 
While some regions are underlain by aquifers extending over large areas, others have no 
groundwater, except for the floodplain alluvial deposits usually accompanying the largest 
rivers. In mountainous regions, groundwater generally occurs in complexes of jointed 
hard rocks. This global map is based on important hydrogeological mapping programmes 
that have been carried out on all continents except Antarctica. It forms the first step of a 
worldwide hydrogeological mapping and assessment programme (WHYMAP). In this 
programme, a series of groundwater related global maps will be produced and provided 
in digital format.  

Mapmakers and hydrogeologists experienced in east and Southeast Asia are invited to 
contribute to the WHYMAP programme and provide their regional hydrogeological 
knowledge to these common endeavours. 
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Table 1. Water availability per person per year of Asian countries 

Country Water Resources Land   Population 
0  1 2 3 4  5 6   7 8 9 

8  
Papua  
New Guinea  801.00  –  801.00  –  801.00  166,563 452,860  4,809  11  

18  Laos  190.42  37.90  190.42  37.90  333.55  63,184  230,800  5,279  23  
26  Bhutan  95.00  –  95.00  –  95.00  45,564  47,000  2,085  44  
30  Cambodia  120.57  17.60  115.97  13.00  476.11  36,333  176,520  13,104  74  
37  Malaysia  580.00  64.00  566.00  50.00  580.00  26,105  328,550  22,218  68  

38  
Brunei  
Darussalam  8.50  0.10  8.50  0.10  8.50  25,915  5,270  328  62  

44  Myanmar  880.60  156.00  874.60  150.00 1,045.60 21,898  657,550  47,749  73  
56  Mongolia  34.80  6.10  32.70  4.00  34.80  13,739  1,566,500  2,533  2  
58  Indonesia  2,838.00 455.00  2,793.00 410.00 2,838.00 13,381  1,811,570  212,092  117  
62  Viet Nam  366.50  48.00  353.50  35.00  891.21  11,406  325,490  78,137  240  
74  Nepal  198.20  20.00  198.20  20.00  210.20  9,122  143,000  23,043  161  
76  Bangladesh  105.00  21.09  83.91  0.00  1,210.64 8,809  130,170  137,439  1,056 
83  Kazakhstan  75.42  6.10  69.32  0.00  109.61  6,778  2,699,700  16,172  6  
85  Thailand  210.00  41.90  198.79  30.69  409.94  6,527  510,890  62,806  123  
86  Philippines  479.00  180.00  444.00  145.00 479.00  6,332  298,170  75,653  254  
91  Turkmenistan  1.36  0.36  1.00  0.00  24.72  5,218  469,930  4,737  10  
97  Kyrgyzstan  46.45  13.60  44.05  11.20  20.58  4,182  191,800  4,921  26  
100  Azerbaijan  8.12  6.51  5.96  4.35  30.28  3,765  86 600  8,041  93  

102  
Korea, Dem.  
People’s  67.00  13.00  66.00  12.00  77.14  3,464  120,410  22,268  185  

103  Turkey  227.00  69.00  186.00  28.00  229.30  3,439  769,630  66,668  87  
106  Japan  430.00  27.00  420.00  17.00  430.00  3,383  364,500  127,096  349  
108  Iraq  35.20  1.20  34.00  0.00  75.42  3,287  437,370  22,946  52  
112  Afghanistan  55.00  –  –  –  65.00  2,986  652,090  21,765  33  
114  Pakistan  248.00  55.00  243.00  50.00  418.27  2,961  770,880  141,256  183  
118  Armenia  9.07  4.20  6.27  1.40  10.53  2,780  28,200  3,787  134  
122  Sri Lanka  50.00  7.80  49.20  7.00  50.00  2,642  64,630  18,924  293  
123  Tajikistan  66.30  6.00  63.30  3.00  15.98  2,625  140,600  6,087  43  
128  China  2,879.40 891.80  2,715.50 727.90 2,896.57 2,259  9,327,420  1,282,437 137  
130  Uzbekistan  16.34  8.80  9.54  3.00  50.41  2,026  414,240  24,881  60  

131  
Iran, Islamic  
Rep. of  128.50  49.30  97.30  18.10  137.51  1,955  1,622,000  70,330  43  

133  India  1,260.54 418.54  1,222.00 380.00 1,896.66 1,880  2,973,190  1,008,937 339  

141  
Syrian Arab  
Republic  7.00  4.20  4.80  2.00  26.26  1,622  183,780  16,189  88  

146  
Korea,  
Republic of  64.85  13.30  62.25  10.70  69.70  1,491  98,730  46,740  473  

149  Lebanon  4.80  3.20  4.10  2.50  4.41  1,261  10,230  3,496  342  
Sources: UNESCO: Water for People Water for Life 

0 Ranking in the world
 

1 Total internal renewable water Resources (km3/year) 
2 Groundwater produced internally (km3/year) 
3 Surface water produced internally  (km3/year) 
4 Overlap: Surface and groundwater renewable  (km3/year)  
5 Water resources: total renewable  (km3/year) 
6 Water resources: total renewable per capita (m3/capita year) 
7 Land area (km2) 
8 Populations in 2000 (1000 Inh) 
9 Population densities in 2000 (inh//km2) 
2+3-4* Aggregation of data can only be done for internal renewable water resources and not the total renewable water resources, as 
that would result in double counting of shared water resources. 
(–)No data available
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 INTRODUCTION 

Geological and geomorphological hazardous events range between the very sudden and 
the very slow, the very large and much localised. This paper is primarily concerned with 
events that are either large scale, or which although more localised have major impacts 
including loss of life, injury, adverse effects on health (such as stress and disease 
following events), damage to and loss of property, and short- or long-term loss of 
productive uses of land (Maund and Eddleston 1998).  

Many hazards have wholly natural origins but some, such as mining subsidence, are man 
made. However many events involve an interaction between natural processes that lead 
to meta-stability of land and human activities which trigger actual events (e.g. many 
landslides). Dealing with hazards therefore involves both evaluation of natural processes 
that might give rise to problems and the management of human activities to minimise the 
potential for bringing land into a meta-stable state or triggering hazard events. In both 
cases, a clear understanding of the possible mechanisms and processes is needed. This 
can come only from careful survey and research. The ideal is to be able to predict events 
but, in many cases, that is possible only in a very general sense, if at all, until reliable 
models of the processes are developed and tested (Bunde et al. 2002). 

Even if careful investigations are undertaken now, the results may not remain valid 
because of inevitable environmental change, or changes to land use and urbanisation. Re-
evaluation is needed at intervals (Kondratyev et al. 2002). Development can, if 
circumstances permit, be planned to reduce risk but only if those who plan the use of 
land and carry out development to understand the issues and influence them to carry out 
their activities in appropriate ways (Komoo and Pereira 1998). 

There is commonly a lack of awareness of such hazards amongst the public and 
authorities, until an event occurs. Even in areas with fairly frequent events memory is 
surprisingly short and there is often an attitude that “it will not happen here”. Where 
events are sporadic, such a volcanic eruptions or earthquakes, they may be regarded as 
something occurring in the past but unlikely to be repeated soon (Alexander 2001). 
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Throughout the world populations are rapidly becoming urbanised. Higher density of 
population, development and infrastructure leads to greater risk to life and property. Even 
so, strategies for management of hazards may be partial, limited, or lacking (Gugler 
1996; Montgomery et al. 2004). This paper reviews some aspects of the background to 
hazard management.  

HAZARD, VULNERABILITY AND RISK 

Key concepts underlying hazard management are those of hazard, vulnerability and risk. 
Definitions of these (Varnes 1984) are: 

a. hazard – the probability of occurrence within a specified period of time and within 
a given area of a potentially damaging phenomenon; 

b. vulnerability – the degree of loss to an element or given set of elements at risk 
resulting from the occurrence of a phenomenon of a given magnitude; and 

c. specific risk – the expected degree of loss associated with a particular hazard 

Proper assessment of all three aspects is required as a basis for hazard management but, 
in general, far more work is published by geoscientists on hazards than on vulnerability 
and risk perhaps because these involve social and economic considerations. The 
approach to considering these partly depends on the nature of potential problems but also 
on the population and infrastructure in the area concerned. Issues are the scale of 
possible damage, geographical extent of effects, the rate at which the hazard occurs, and 
the nature of the specific impacts. However much published work on hazards 
concentrates on the nature and extent of damaging phenomena rather than meeting the 
full definition that requires probability and time-span to also be taken into account.  

ASSESSMENT OF HAZARDS  

A prerequisite for management is thorough geological and geomorphological survey and 
evaluation of the area concerned (Griffiths, 2001; Turner and Rosenbaum, 2003). The 
approach that is used depends to some extent on the scale of the problem. Ground 
evaluation, leading to ground behaviour models, is ideal but may only be practical for 
limited areas. For larger territories, remote sensing may be the only practical option 
(Gupta, 2003) but, unless funds are available for accompanying “ground truthing”, may 
only give indicative results. Since public authorities are often reluctant to pay large 
amounts of money for strategic surveys, these are often neglected until after a major 
damaging event takes place.  
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Then retrospective survey is often commissioned to demonstrate that some action is 
being taken, rather than for properly assessing the problem. However, if further events do 
not occur, available funds may decline as time passes, leaving incomplete results and 
databases that are not maintained. There is a clear to demonstrate the benefits relative to 
the costs for these activities to help ensure that they take place at the right time. 

Much effort has been put into hazard mapping of selected areas over the past few 
decades (Bobrowsky, 2001; Marker and McCall, 1989), recently often undertaken using 
GIS. The state of the art of hazard mapping is probably best developed for land sliding 
but there is also an extensive literature on subsidence and flooding. Work on volcanic 
hazards has been mainly limited to specific mountains in intensively developed areas. 
Seismic hazard assessment has mainly consisted of broad consideration of wide 
seismically active areas although work has been undertaken more locally on secondary 
hazards that may be triggered by earthquakes (e.g. liquefaction, landslides). However a 
recent review has indicated that the world literature contains relatively few published 
examples of risk mapping even though many specific studies have been undertaken. 
There is a need for more publication of results and transfer of techniques on this aspect.  

Because investigation and research is often initiated locally following a specific 
damaging event, site-based results are often not fed back into the wider body of 
knowledge through, for instance, storage in a widely accessible database. This is partly 
because of difficulties in securing funding for this purpose, even though the information 
is of great value in designing site investigations and planning for development and other 
land uses. Such systems as do exist are mainly operated by national or state geological 
surveys in those areas where governments are willing or able to pay the necessary money 
for survey, maintenance and adding new information (Walton and Lee, 2001).  

In addition, once evaluated, many hazards need to be monitored for example: ground 
movements in areas of slope instability, subsidence or volcanic dilation; temperature and 
gas emissions changes in volcanic areas; or arrays of seismometers to measure patterns 
of minor tremors, and observation of changing stress fields that may indicated where 
future earthquakes may occur. Such initiatives are generally confined to areas close to 
large population centres with intensive development where major events are thought to 
be most likely. However they are less often undertaken for areas where major future 
development or infrastructure may be required or where major hazard events are 
infrequent and, therefore, not expected. Therefore vital information may not be readily 
available when it is needed. 
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INFORMATION AND COMMUNICATION 

Reliable information is needed to both address problems and to raise awareness. In many 
cases a great deal of information is available already in research findings and site 
investigation reports. However results of research are commonly scattered through the 
technical literature that is only generally familiar and comprehensible to experts. Site 
investigation results are often unpublished and inaccessible as property of the 
commissioning developer. 

There is a strong case for pulling information of this sort together in order to give a 
general picture of the nature and extent of potential problems and what has been done to 
address them (Freeman Fox Ltd, 1998). This requires records and data centres with 
proper funding for storage security maintenance and updating. However this is only 
effective if there are clear requirements to lodge information at such centres for the 
common good whether through a voluntary or compulsory scheme. Until recently the 
response to such initiatives has been limited. With the advent of easily copied digital data 
the costs and convenience of complying are reduced and site investigation concerns are 
more inclined to cooperate. However generally recognised protocols are required, so that 
information can be readily incorporated into digital databases; usually linked to GIS.  

However making information available to specialists is only part of the necessary task. It 
is essential that administrators, developers and the public should also be aware of the 
issues and of what should be done about them since they are directly responsible for or 
involved in the hazard management process (Foster 1980). A common reaction amongst 
specialists is that these are matters for experts leading to reluctance to disseminate results 
widely. But that is likely to perpetuate the failure to act in time. Therefore a proactive 
approach to communication is required. This may involve simplified awareness leaflets 
and maps, presentations and consultations and, increasingly, films and CDs. There are 
many potential audiences each of which has a different set of interests and which 
therefore require customised treatment. However dissemination of findings is not 
enough. There is a strong need to build coverage into the education system so that all 
individuals that attend school gain at least some awareness of the issues. However there 
are clear problems where education is very limited and where perhaps village meetings 
are the only possible approach. Where literacy is limited then visual materials similar to 
those produced by the World Health Organisation are of assistance. However aid 
agencies have given relatively limited support to initiatives of this sort due to more 
urgent competing priorities following disasters. Therefore public participation and 
engagement with stakeholders, carefully designed to suit the populations concerned, is 
essential if hazards are to be managed effectively. 
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REACTIVE RESPONSES 

In many cases it is only after hazard events have taken place that action is taken 
(Alexander 2001; Marker 1996). Responses include: 

a. engineering works, usually undertaken almost at once, to stabilise the ground and 
recoverable structures;  

b. demolition of severely damaged structures and replacement if possible. Commonly, 
facilities are rebuilt at the same locations and often in the same ways, because people 
need to be re-housed and economic activity resumed quickly, even when it might be 
more logical to place structures elsewhere and to use different building techniques; 

c. payment of insurance supports some reconstruction and replacement of possessions. 
But many of the most vulnerable people often have inadequate or no insurance cover 
making it necessary to use public funds. Moreover in the largest events such as 
earthquakes, tsunami and volcanic eruptions, individual insurance companies may 
not have enough funds to meet their liabilities. Most individual companies rely on re-
insurance on the global market to make it possible to give cover to such events where 
the bills may run into billions of dollars (Munich Re 1983). However there is a risk 
that if several very large events occurred in quick succession then even that cover 
might be inadequate leading to major problems for the world economy. 

d. disaster relief to quickly help victims and re-establish crucial supplies of water and 
food and bring medical aid. Many nations have effective systems for reacting to 
disasters of many kinds. However, especially in the less wealthy countries or regions 
the ability to respond is limited and delayed by poor infrastructure. International aid 
agencies can deploy effective help but this takes time leading to hardship for 
survivors and a risk of epidemic diseases which may have effects beyond the initial 
disaster area. A particular problem may arise where emergency services, hospitals 
and key access routes are located in vulnerable areas dislocating the ability to 
respond. 

There is a need, therefore, for careful forethought about where to locate facilities and 
how to finance and undertake emergency responses (Alexander 2002; UNDRO 1991). It 
is also prudent to recognise in advance the potential for re-development, the types of 
structures that should be erected to reduce future vulnerability, and the standards to 
which these should be built. That is relatively more possible in wealthy countries but 
many of the most vulnerable populations are in developing countries where it is difficult 
to approach the issues in these ways. But even where financial and other resources are 
available it may be difficult to convince civic authorities and the general public that a 
proactive approach is needed in the aftermath of a traumatic event. Analysis of costs and 
benefits is required to make convincing cases for expenditure and action. 
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PROACTIVE STEPS 

There are several proactive steps that can be taken to reduce vulnerability and risk 
(Casale and Margottini 2004; Marker 1996). The more obvious are: 

a. careful planning of land use to ensure that development and infrastructure are 
appropriately located. For instance, development plans can contain zones identified 
for specific purposes with those that are exposed to the greatest hazard being left as 
open space. However that requires careful evaluation of the nature and extent of 
potential hazards as part of the preparatory work for the plan. In many cases policies 
in such plans concentrate on economic, social and conservation objectives. 
Geological and earth surface processes are commonly not considered in detail or at 
all because many planners have insufficient training in, or awareness of, these issues. 
Also zoning can only be effective if it is properly enforced. There have been many 
instances in developing countries where rapid urbanisation due to inward migration 
of a poor rural population has frustrated such attempts because these people see the 
land that is left vacant as a place to build shelters. Thus initiatives undertaken with 
the best of intentions may lead to the most vulnerable people living in the most 
hazardous locations; 

b. requiring adequate site investigations prior to development. However even site 
investigations that are carried out conscientiously may miss crucial factors because 
the focus is mainly on the development site and may lack a regional context that 
would aid proper interpretation of the findings;  

c. developing building and design codes that are appropriate to the circumstances in the 
area concerned but, again, these are only effective if properly enforced;   

d. where problems are identified, to undertake precautionary engineering works to 
reduce or remove the hazard and, where appropriate, to introduce monitoring systems 
to give early warning of problems allowing evacuation or closure of traffic routes. 
However caution is needed about “engineering out” hazards since this may be 
initially expensive and may lead to further costs for maintenance and upgrading 
which, if extensive, may not be affordable as is often the case with flood defences. 

e. developing sound emergency plans for dealing with events that are difficult to 
foresee or to deal with. Public authorities may have well developed procedures 
involving the police, fire service, military, and medical staff to deal with a range of 
civil, military and other circumstances. However these may need to be properly 
adapted and explained in order to deal with ground hazards. But such measures are 
unlikely to be fully successful unless the population in general is also aware of the 
procedures to be followed through public education. Often, when warnings are given, 
people are reluctant to move and warnings of events that do not then occur can lead 
to skepticism about later alerts (Lee and Davis 1998).    
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A clear requirement for all of these steps is a proper understanding of the nature and 
extent of potential problems and of the ways to respond to these. That requires survey 
and research by experts but it may be difficult to secure adequate funds from central and 
local governments until after a tragedy has occurred. But survey and research will not be 
effective unless the results are easily accessible and understandable to everyone who 
needs to know. For instance systematic hazard maps are valuable but often unintelligible 
to civil authorities and, even if their value is appreciated, may not be used effectively 
unless they are directly linked into the regulatory administrative processes.  

There is also an issue of scale. In small countries it is possible to undertake general 
hazard assessment for modest costs even at some detail. In large countries that is 
generally not possible, other than for selected areas, leading to reliance on generalised 
information often secured by remote sensing. This is better than nothing, but may be 
misleading when applied to specific sites.  

 SOCIAL AND ECONOMIC FACTORS  

Although there are many socio-economic factors that have a bearing on hazard 
management there is limited evidence in the literature of collaboration between 
sociologists, economists and geoscientists to address these in and integrated manner 
(Mora 1995). There is a strong need to build multi-disciplinary teams to undertake joint 
research. Some important factors are: 

a. populations may have different cultural responses to hazards ranging from fatalism 
which makes it difficult to take constructive action, to excessive concern about 
remote possibilities that may lead to incorrect prioritisation of expenditure. 

b. the proportion of the population educated to, or beyond, a basic level varies greatly 
from place to place. Where education is well developed, courses often lack any 
content on geological hazards leading to a situation where people believe that they 
know enough for their life and work and do not need to find out more. Where 
education is lacking, particularly in urban areas, then there may be no awareness of 
the need to know in contrast to some rural populations who, having occupied a 
territory for centuries, have traditions about the way in which the land behaves. 
Educational limitations can therefore affect all types of area from the administrative 
level to the general public. There is commonly a need to introduce the concept of 
geological hazards into school curricula but to also present information for adults at 
various levels of attainment. Television films may help but these often lead to the 
reaction that hazard events are awe inspiring but something that mainly happens in 
other places.  
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c. the structure of the legal system has a bearing on how people react to hazards. In 
many countries, developers and landowners are liable for man-made hazards that 
may occur and risk the costs of remediation if an event occurs. This may influence 
them to take proactive steps to deal with the problem but only if they have the means. 
However natural hazards are commonly regarded as “acts of god” which no one can 
do anything about and it is less likely that intervention will occur unless government 
is able or willing to assist. In many developed countries there is a tendency to try to 
find someone to blame whatever the circumstances, partly because that would be a 
way of securing financial recompense through the courts. As developing countries 
begin to reach developed status some show signs of similar emerging reactions.  

d. the nature and strength of central and local government varies greatly from place to 
place. In some areas, civic authorities are relatively powerful and can impose actions 
fairly readily. In others, there is a devolved structure with much more public 
participation in which persuasion is needed to gain public co-operation. Elsewhere 
there may be limited government control making any concerted action difficult. 
Management approaches must be adapted to local governance;    

e. in relatively wealthy countries there is a better basis for proactive investigation of 
potential hazards. In general, planning and building regulation is well developed, 
although even in these relative priorities for expenditure may leave work on hazards 
under-funded. In less wealthy areas there may be little or no immediate prospect of 
proactive work and, in general, international aid agencies have preferred to fund 
other activities with more immediate social and economic results.  

f. availability of expertise varies greatly from place to place depending largely on the 
intrinsic wealth of the area. Most geoscientists who deal with natural hazards work in 
engineering and construction and tend, therefore, to focus on site assessment and site 
works rather than the regional context. Moreover since less of their work is formally 
published much information may be lost. In many areas, training of geoscientists has 
been biased towards mineral resource specialists although there is a shift in many 
developed and near-developed countries towards environmental engineering 
including work on hazards. 

Given this diversity, there is no single approach that can be applied universally to 
management of hazards. Transfer of methods is as much about adapting them and, where 
necessary building capacity, as applying them to fit the circumstances. 
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THE NECESSARY STEPS 

There are several necessary steps that should be taken for effective management of 
hazards. These are: 

a. Review the nature and extents of the geological and geomorphological hazards 
(natural and man-made) in the administrative area to the maximum level of detail that 
available funds can support; 

b. identify which hazards are significant and where ideally linked to an assessment of 
the probability of these taking place in a given period of time; 

c. establish the extent of vulnerable populations, development and infrastructure for 
both developed areas and those likely to be developed in the foreseeable future; 

d. assess the level of risk in terms of potential fatalities/injuries and losses of property; 

e. identify options for locating/relocating development, infrastructure and emergency 
services giving special attention, where relevant, to potential evacuation routes; 

f. as far as possible, take precautionary actions in respect of those most vulnerable 
areas that have the highest risk and set up monitoring, evacuation and relief systems 
as necessary;   

g. set out appropriate protocols for site investigations, monitoring and data transfer;  

h. devise for emergency responses in liaison with the emergency services; 

i. prepare materials for public awareness and educate the public about the hazards, 
appropriate warnings and actions; 

j. ensure that all relevant data are kept in well-maintained databases that are readily 
accessible to specialists; 

k. ensure that planners and building control regulators are fully aware of findings so 
that they can ensure that development is steered away from the most vulnerable 
locations and that constructions are appropriately designed  

l. prepare or revise development plans to take account of potential geohazards; and 

m. compare likely costs of costs of hazards over a given time with costs for the proposed 
steps set out above so that public authorities can consider how best to use available 
funds. 
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CONCLUSIONS 

An integrated approach to dealing with hazards can only be achieved, therefore, if there 
is a sound research base developed but teams of experts in geoscience, social, and 
economic matters, and the public administrations and the population at large are fully 
involved. It is necessary to convince authorities that investment now can save substantial 
sums of money in future. Hazard management measures should be built into the planning 
and regulatory systems. Relevant education and research are essential. It is also prudent 
for engineers to work in harmony with landscape, earth surface processes, ground 
characteristics, climate and environmental change, rather than against these. International 
aid agencies need to consider more funding of proactive steps rather than steeping in 
after the event. It is easy to write this, but difficult and time consuming to achieve. 
However it is better to start now in a small way than to wait for disasters to happen. 
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Abstract 
The impact of climate change, along with the societal impacts of natural hazards, plays 
an important role in the spatial and economic development of regions. On the one hand, 
climate change has potential long-term effects on the living environment, sea level rise 
and coastal protection. On the other hand, the economical losses caused by natural 
hazards are rising continuously. Positive responses towards these impacts on 
development are mid- to long-term strategies that are supported by decision-makers 
and other stakeholders, including regional and local planners. Several strategies have 
been developed for the communication of climate change impacts on sea level change 
and the spatial distribution of hazards, leading to a broader understanding of the causes 
and effects, as well as on the possibilities of mitigation. These results are leading 
towards newer studies on the extent of potential impacts of climate change, e.g. on 
groundwater recharge on larger regions in order to evaluate potential threats and define 
appropriate mitigation strategies. 

INTRODUCTION 

This article summarizes the results of two projects that were co-financed by the 
European Regional Development Fund (ERDF) via the Interreg programme and gives an 
outlook on a new research project that has started in June 2005. The aim is to 
communicate research currently undertaken in the field of climate change, coastal 
protection and natural hazards, all in combination with spatial planning to potentially 
interested researchers and institutes in Asian and South East Asian countries.  

The first project focuses on the estimation of the spatial effects of sea level rise in the 
Baltic Sea Region. Climate change data and emission scenarios from the 
Intergovernmental Panel on Climate Change (IPCC) were downscaled to regional levels. 
The results were plotted in thematic maps and discussed with regional and local planning 
authorities to develop a Decision Support Frame (DSF).  

The second project has mapped the extent of natural and technological hazards in Europe 
in order to define spatial patterns and typologies of risk; defining risk as a combination 
of hazard and vulnerability. The hazards can either be displayed on single hazard maps or 
aggregated hazard maps, weighted according their spatial relevance.  
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As a result, the hazard and risk maps can be used to determine the need of further 
regional and cross-border hazard research as well as in the use of structural funds for 
hazard mitigation. 

The success of these two studies has lead to a new project, also co-financed by the ERDF 
to develop adaptation strategies in the Baltic Sea Region. The potential impact of climate 
change is studied in case areas, whereas the character of the adaptation strategies has a 
clear focus on cross border cooperation. 

SEA LEVEL CHANGE AFFECTING SPATIAL DEVELOPMENT IN THE 
BALTIC SEA REGION 

The BSR Interreg IIIB project "Sea Level Change Affecting the Spatial Development of 
the Baltic Sea Region" (SEAREG) has aimed at strengthening the linkages from climate 
change to planning and decision-making and at enhancing adaptation to climate change. 
In the scope of the project, global climate models from the International Panel on 
Climate Change (IPCC) and emission scenarios were first downscaled to the Baltic Sea 
Region and selected case study areas, and then combined with topographical data. The 
sea level change was displayed in three scenarios, i.e. a "low case", an "ensemble 
average" and a "high case". The resulting scenario maps of potential coastline changes 
and flood prone areas were then analysed together with various relevant actors to discuss 
potential impacts on the territory, referring also to the socio economic system and 
development. The results of this process were structured in a set of tools, the Decision 
Support Frame, to better bridge the gap between climate change models and spatial 
planning by integrated scenario interpretation.  

The sorts of impacts and their intensities, which might affect the coastal area of the 
Baltic Sea, will differ largely depending on the location of the assessed area. Generally, 
the northern part of the Baltic Sea Region faces a smaller problem of sea level rise as the 
postglacial rebound lessens its impact. Whereas northern Scandinavia still rises up to 9 
mm/a, there is a subsidence of about 1 mm/a in some parts of the southern Baltic Sea 
coast. Land loss caused by permanent inundation may have negligible impact in sparsely 
populated areas, meanwhile in areas with high population density and development areas 
for housing close to the shore a similar land loss will be much more serious.  

The Decision Support Frame aims at guiding and supporting the discussion between the 
relevant planner and other stakeholders in defining necessities and possibilities of 
mitigation strategies.  

The Decision Support Frame found strong support by spatial planning authorities of 
cities and regions and can thus lead to timely decisions on integrated mitigation 
strategies. A publication currently prepared under the Special Paper Series of the 
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Geological Survey of Finland presents the project's steps from downscaling of climate 
models, over regional and local scenario applications towards subsequent discussions 
with regional stakeholders, finally assessing the potential impacts of sea level rise in case 
study areas. The main results of the project have been summarized in an online 
application of the Decision Support Frame, www.gtk.fi/slr.  

 

Figure 1. SEAREG sea level rise scenarios for Gdansk Nowy-Port. 

 

NATURAL AND TECHNOLOGICAL HAZARDS IN EUROPE 

The final report of the European Spatial Planning Observation (ESPON) 1.3.1 project on 
Hazards shows the spatial patterns of natural and technological hazards in Europe. The 
results are shown as an overview on a regional level, also identifying possible impacts of 
climate change on selected natural hazards. The approach of the project was to use 
results of hazard research and to combine those in such a way, that the obtained 
information is comparable over the entire project area (EU member countries plus its 
accession countries Bulgaria and Romania and the associated countries Norway and 
Switzerland; EU 27+2). In order to ensure comparability of results of all ESPON 
projects, all results are reported and displayed on the 3rd level of the Nomenclature of 
Territorial Units for Statistics (NUTS), i.e. on NUTS 3 level. 
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The natural and technological hazards that are relevant for the EU 27+2 areas in the 
ESPON context were selected by specified risk schemes. A spatial filter was applied to 
ensure that the selected hazards and risks are relevant for spatial planning concerns. For 
example, floods and major accident hazards have a spatial relevance; meanwhile 
planning cannot mitigate risks like meteorite impacts or murder. Not all of the identified 
hazards are equally relevant for the entire EU 27+2 area, as the importance of hazards 
differs among the territory and the perception of the risk. A weighting system, the Delphi 
method, was used to develop an integrated European hazard.  

The risk of hazards is a result of the hazard potential and the vulnerability. The integrated 
European vulnerability is based on a weighted combination of population, GDP (national 
and regional) and fragmented natural areas.  

The analysis of hazard cluster maps (see Figure 2) shows that certain regions can be 
associated with certain hazard agglomerations and also with hazard clusters. These 
hazard clusters comprise storms, floods and storm surges in the North Sea region and the 
southern part of the Baltic Sea region; drought potential and forest fires in the Aegean 
and the Iberian Peninsula; as well as earthquakes and landslides in the southern part of 
the Adriatic region. Hazards, which magnitude is assumed to increase with the effects of 
climate change appear to be most severely affecting areas in the Mediterranean and in 
central Europe. 

The final report shows the spatial picture of natural and technological hazards that pose 
challenges for balanced and sustainable development in Europe. Regions are exposed to 
hazards in varying degrees, placing them in different "risk positions". The EU Policy 
instruments could contribute to even out these differences as a matter of European 
solidarity. Consequently, risk management should be understood as an important task for 
the cohesion policy, and overall, better inclusion of risks related to natural and 
technological hazards in EU policies is needed. The report therefore presents some 
policy recommendations and a proposal for a handbook for spatial planning and risk 
assessment. The complete report and example maps can be downloaded from 
www.gtk.fi/projects/espon. 
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Figure 2. Example map from the ESPON hazards project on certain hazard clusters  
in European regions 
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DEVELOPING POLICIES AND ADAPTATION STRATEGIES TO CLIMATE 
CHANGE  

The project “Developing Policies & Adaptation Strategies to Climate Change in the 
Baltic Sea Region” (ASTRA) is co-financed by the Interreg IIIB programme of the 
European Union. The lead partner of the project is the Geological Survey of Finland and 
the partnership comprises research institutes and regional planning offices around the 
Baltic Sea Region (BSR). The project budget is 2.2 Mio € and the time frame is June 
2005 to December 2007. 

The main objective of the project is to assess regional impacts of the ongoing global 
change in climate and to develop strategies and policies for climate change adaptation. 
The project will address threats arising from climate change in the Baltic Sea Region 
(BSR), such as extreme temperatures, droughts, forest fires, storm surges, winter storms 
and floods. In order to elaborate adaptation and mitigation strategies it is inevitable to 
involve regional and local spatial planners and stakeholders. The methodology includes 
the identification of entry points to planning systems and integration of results to existing 
planning processes. The climate change impacts and vulnerability of regions are studied 
in several regional and local case studies.  

The case study areas were jointly identified by scientists in cooperation with regional 
planners. Case studies in the ASTRA project comprise the following (see Figure 3): 

 Finland: Pirkanmaa Regions, cities of Espoo, Raahe and Kokkola 

 Germany: Oder River Estuary 

 Poland: Odra River Estuary, Cities of Gdansk and Sopot 

 Lithuania: Curonian Spit, City of Klaipeda 

 Latvia: Salaca River Basin, City of Riga 

 Estonia: Estonian archipelago, Cities of Tallinn and Pärnu 

The impact assessment is based on modelled climate change effect data provided by the 
Potsdam Institute for Climate Impact Research (PIK) and other available climate model 
results. Special attention to risk awareness will be addressed through intensive 
dissemination exercises, such as regional conferences and workshops in the countries 
around the BSR. The final goal is to ensure awareness and adaptation strategies to 
prevent the adverse effects of climate change and to ensure a stable development of the 
BSR. 
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As mentioned above, the ASTRA project shall further develop the successful results of 
the BSR Interreg IIIB SEAREG project. SEAREG assessed the impacts of future sea 
level rise in several case study areas in the BSR. The positive response of planners that 
cooperated and were addressed by the SEAREG project led to the idea to widen the 
scope of climate change impacts that affect the spatial development of the BSR. This 
approach is new, as the focus will not only lie on coastal areas and problems of sea level 
rise. The policy recommendations developed under the ESPON Hazards project will be 
revised to evaluate their suitability on both local and regional levels.  

The Decision Support Frame (DSF) produced by the SEAREG project will be further 
developed, taking into account all important climate change effects and connecting 
necessary data, experts and stakeholders of the decision making processes for a jointly 
development of adaptation and mitigation strategies for the Baltic Sea Region. Since 
there is currently no website for this project, please contact the authors of this article for 
further information. 

Figure 3. ASTRA case study areas in the Baltic Sea Region 
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Geohazards in Africa: Reducing Vulnerability through Planning 
Instruments 

T.C. Davies 
Department of Geology and Mining, University of Jos, Nigeria 

INTRODUCTION 

An undesirable trend in geohazards, in terms of frequency and mode of occurrence of 
extreme events, as well as the human casualties and economical and ecological damage 
is emerging in Africa. Widespread poverty, poor infrastructural development and high 
HIV/AIDS prevalence are some of the factors that leave a large number of Africans 
vulnerable to disasters. In many African countries some basic information for disaster 
reduction exists but it is usually not readily available to local authorities and other 
stakeholders. Various institutions continue to gather additional information, but 
communication instruments for transmitting this to the implementing agencies are often 
lacking. To achieve the goals that have been identified in reducing vulnerability, 
professionals in developing countries need to be trained in effective data acquisition and 
communication, satellite image interpretation, monitoring, hazard mapping and risk 
assessment techniques as well as in planning and engineering best practice. 

ADDRESSING THE PROBLEMS 

Institutional Interventions 

The United Nations University Institute for Environment and Human Security (UNU-
EHS) in Bonn, Germany, http://www.ehs.unu.edu/ has entered into an agreement with the 
International Institute for Geoinformation Science and Earth Observation (ITC) of the 
Netherlands in formulating a programme on ‘Capacity Building for Disaster Risk 
Information Management’ which contains activities related to research, training, capacity 
building and projects dealing with the use of geoinformation for natural and man-made 
hazards and risk assessment and management in Africa. The programme intends to 
establish a network of universities which have interest in developing courses on disaster 
risk reduction, and eventually develop joint educational programmes under the umbrella 
of the UNU programme. UNU-EHS will be the main contact point for the development 
of the project. 

The programmes’ objectives are to reduce the loss of life and property inflicted by 
geological and hydro-meteorological hazardous events in African countries by increasing 
the capacity of universities and training institutes to provide academically qualified staff 
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that are able to apply new technology, such as GIS and Remote Sensing for hazard and 
risk assessment and management in risk reduction measures in government and non-
governmental organizations. 

Geo-Sciences in Africa 

Geo-Sciences in Africa (GIA) is an initiative of the International Union of Geodesy and 
Geophysics (IUGG) for an action plan that will be carried out jointly with the other Geo-
Unions of the International Council of Scientific Unions (ICSU), viz: the International 
Union of Geological Sciences (IUGS), the International Geographical Union (IGU), the 
International Union of Photogrammetry and Remote Sensing (ISPRS) and the 
International Union of Soil Science (IUSS). The programme will be centred on the lead 
theme: ‘Geo-hazards in Africa’, but it will also cover a number of related issues. 

Office for Outer Space Affairs  

In order to contribute to increasing the use of space technology for disaster management 
in African countries and in countries with economies in transition, the Office for Outer 
Space Affairs of the United Nations Secretariat (UN-OOSA), within the framework of 
the United Nations Programme on Space Applications, has been carrying out a series of 
regional workshops, expert meetings, maintaining a discussion list and a website, and 
helping institutions form partnerships and define and implement pilot projects. An 
outcome of one of these workshops a Regional Network for Space Technology and 
Disaster Management for Africa was established. The programme envisages that once 
partnerships have been defined, the next step would be to identify pilot projects that the 
institutions can jointly become involved in (http://www.oosa.unvienna.org/SAP/stdm). 

International Emergency Management Society  

The International Emergency Management Society (TIEMS) sponsored its 2nd Annual 
Virtual Conference on Disasters in Africa 01 – 21 May, 2005. The theme of this year’s 
conference was “Education and Disasters in Africa. The results were presented at the 
TIEMS annual meeting, held in the Faroes Islands from 24 to 27 May, 2005 
(http://news.gmane.org/gmane.org.tiems.virtualconference). 

Global Open Learning Forum on Risk Education  

A group of internationally based universities and NGOs are coming together as the 
Global Open Learning Forum on Risk Education (GOLFRE) to bridge the existing gap 
between knowledge and practice, i.e., knowledge as it exists in universities and research 
centres, and practice as is carried out in the field by NGO workers, community 
volunteers and government field staff. 
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The forum recognizes the strength of knowledge that exists with practitioners, and the 
value that academicians can add to it with their interpretations and analysis. Its mandate 
is to tap the tacit knowledge, practical wisdom and human capital, latent in the minds and 
practices of field workers as the principal resource for training and education. 
http://www.golfre.org. 

International Scientific Meeting Outcomes 

An indication of the upsurge in continental efforts in disaster management and planning 
is given by the number of international meetings held on the subject during the year 
2005; a total of at least eight major international meetings during the first seven months 
translate to more than one meeting each month.  

Table 1. Major International meetings on aspects of disaster reduction and  
planning for the year 2005 

World Conference on Disaster Reduction: Focus on Corporate Sector, Role and Responsibility, 
November 16 - 18, 2005 - Mumbai, India 

The 15th World Conference on Disaster Management (WCDM): The Changing Face of Disaster 
Management-Defining The New Normal - Toronto, Canada, July 10-13, 2005 

13th Community Based Disaster Risk Management Course - Bangkok, Thailand, July 4-15, 2005 

22nd International Tsunami Symposium - Chania, Greece, June 27-29, 2005 

31st International Symposium on Remote Sensing of Environment (ISRSE):
Global Monitoring for Sustainability and Security - Saint Petersburg, Russia, June 20-24, 2005 

Workshop on Integrating Community, Gender, and Women’s Empowerment Issues into Disaster 
Recovery and Risk Management Operations - Washington, DC, June 23, 2005 

12th Annual International Emergency Management Society Conference - Torshavn, Faroe 
Islands, May 24-27, 2005 

International Seminar on Architecture, Construction, and Conservation of Earthen Buildings in 
Seismic Areas - Lima, Peru, May 16-19, 2005 

World Conference on Disaster Reduction - Kobe, Japan, January 18-22, 2005 

 

The Nairobi Workshop (01 – 03 July, 2002) was a forerunner to those meetings. 
Participant response as well as enthusiasm expressed by all stakeholders at this workshop 
testified to the scale and diversity of the problem of geohazards in Africa as well as the 
urgency needed to tackle them. Some of the Workshops key resolutions and conclusions 
follow: 

 In the interest of concerted continental efforts to reduce the adverse effects of natural 
and other disasters, all African countries have an obligation and responsibility to 
encourage and support improved early warning practices at national and regional 
levels. 
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 Specialized regional and global centres involved in the preparation and dissemination 
of disaster information provide important links to national early warning systems. 
The application of their technical capabilities and the utility of their products should 
be carefully integrated into the needs of the distressed countries. 

 In the interest of protecting people from the risk of natural hazards, it is essential that 
the formulation and presentation of early warnings and preparedness be based on the 
best available technical and scientific knowledge, free of political distortion or 
manipulation. 

 International bodies, regional and sub-regional organizations should work to maintain 
the vital importance of timely exchange and unrestricted access of observed data and 
exchange information between countries, particularly when hazardous conditions 
affect neighbouring countries. 

 Timely, accurate and reliable warnings should be understood in the context of 
generally accepted standards, nomenclature, protocols and reporting procedures. 
Established means of communication should be employed for the dissemination of 
any information to specific authorities designated in each country. 

 Collaboration and coordination are essential between scientific institutions, public 
authorities, private sector, media and local community leaders in order to ensure that 
the dissemination of information is accurate, timely and meaningful, can result in 
appropriate action by an informed population. 

 There is an urgent need for networking at the national, regional and international 
levels in order to promote access to information on geoenvironmental hazards and 
disasters. (Chapola et al., 2002). 

The World Conference on Disaster Reduction (WCDR) held from 18 – 22 January, 2005, 
in Kobe, Hyogo, Japan, was a milestone event which further increased the profile of 
disaster risk reduction in development planning and practice. The Conference provided a 
unique opportunity to promote a strategic and systematic approach at the national level to 
address vulnerabilities and to reduce risk to natural hazards. 

Coming, as it did in the wake of one of the most devastating disasters in a century (the 
Asian Tsunami of December, 2004), the conference was widely acknowledged to have 
successfully responded to the urgent needs of the world with uncanny real-time 
precision.  

Participants were reported to have succeeded in addressing the urgent needs of the 
disaster’s aftermath while maintaining a focus on the long-term goal of reducing disaster 
risk and vulnerability. 
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From the final report of the WCDR came the Hyogo Framework for Action, 2005 – 
2015, with the caption, ‘Building the Resilience of Nations and Communities’. The 
priorities for action spelt out (given below) remained the blueprint of those advocated by 
the majority of the other meetings on disaster management and planning during the year 
2005 (Table 1): 

 Ensure that disaster risk reduction is a national and local priority with a strong 
institutional basis for implementation. 

 Identify, assess and monitor disaster risks and enhance early warning. 

 Use knowledge, innovation and education to build a culture of safety and resilience 
at all levels. 

 Reduce the underlying risk factors. 

 Strengthen disaster preparedness for effective response at all levels. 

CONCLUSION 

Although commitment to the reduction of geohazards has been growing in Africa, policy 
implementation rates are slow. Poverty, poor infrastructural development, lack of 
appropriate education and proper instruments of communication militate against the best 
institutional and international efforts. Consequently, human and economic losses 
continue to rise. Such vulnerability of the African population to disasters remains a major 
obstacle to sustainable development and achievement of the Millennium Development 
Goals. 
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Natural Disaster and Georisk Management in Indonesia: 
The Georisk Project of BGR 

Michael Schmidt-Thomé 
Federal Institute for Geosciences and Natural Resources, Germany 

Abstract 
Geohazards threaten communities all over the planet and people in developing 
countries are often especially vulnerable. This paper summarises some German-
Indonesian Technical Cooperation projects involving studies for geohazard mitigation 
in Indonesia  

INTRODUCTION 

The major tsunami of December 26, 2004, which hit many eastern regions of the Indian 
Ocean as well as locations in east Africa, caused catastrophic loss of life, devastated 
hundreds of villages, destroyed or disrupted transport systems, and left millions of 
people homeless. The economic losses are in the order of 100 billion US dollars. Another 
almost forgotten natural disaster with disastrous effects on man, infrastructure and 
environment occurred in 1998 when the hurricane Mitch reached Central America 
causing enormous floods and landslides as never experienced before. More than 20.000 
people lost their lives, the economic losses amounted to 8 billion US dollars. Both events 
demonstrated clearly how vulnerable societies are to natural disasters, even in the 21st 
century. 

GEORISK AND RELEVANCE DEVELOPMENT 

A UNESCO recommendation defines georisk internationally as:  

Georisk = geohazard + vulnerability 

Vulnerability rating reflects the population density, existing infrastructure and economic 
value of a region. Therefore, when considering actions to reduce the georisk in a region 
priority has to be given to those regions with a high vulnerability rating. The 
vulnerability rating can only be reduced through technical provisions, and the 
geosciences can considerably contribute to those provisions, for example by cataloguing 
the georisk potential. 
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Geohazards such as floods, storms, earthquakes, volcanic eruptions and many other 
natural disasters are threatening communities all over our planet. Every year they claim 
thousands of lives, make hundreds of thousands of people homeless and cause billions of 
US dollars in economic losses. People in the developing countries especially are exposed 
to those geohazards. 

The competing demands for natural resources force more and more people to settle in 
areas which, originally, were not suitable for permanent occupation. They settle in areas 
such as coastal marshlands, the higher flanks of volcanoes, regions with a high 
earthquake risk, or close to ravines or steep slopes prone to landslides and rock falls. 
This is true, especially, for those people who are poor and normally don’t have other 
choices. 

However, a community can only survive if it is able to cope with such challenges. Early 
warning systems, measures that not only rehabilitate but increase resistance, disaster 
oriented regional planning and activities to increase the self help potential of the affected 
population must be implemented according to each specific risk situation.  

The link between natural disaster occurrence and regional development is apparent. 
Disaster risk management opens opportunities to reduce the economic burdens on 
societies, thus setting free financial resources that are better invested for social and 
economic development rather than for the rehabilitation of losses. 

GERMAN-INDONESIAN TECHNICAL COOPERATION IN GEOHAZARD 
MITIGATION 

One of the countries in Southeast Asia most seriously exposed to the threat of natural 
disasters is Indonesia where earthquakes, volcanic eruptions, landslides, flooding and 
earthquake induced tsunamis may occur at any time.  

Following the recognition that natural disasters affect the country at all levels, and that 
disaster management is a social and economic imperative, the Indonesian Government 
approached the German Government for technical cooperation in the field of geohazard 
mitigation. Since 2003 the Federal Institute for Geosciences and Natural Resources 
(BGR, Hannover) has assisted the Directorate General for Geology and Mineral 
Resources (DGGMR, Bandung) with the project “Mitigation of Geohazards”. The 
project is financed by the German Federal Ministry for Economic Cooperation and 
Development (BMZ) within the framework of the Indonesian-German Technical 
Cooperation Agreement. The programme is jointly carried out with the project “Civil-
Society and Inter-Municipal Cooperation for better Urban Services – Urban Quality” run 
by the Deutsche Gesellschaft für Technische Zusammenarbeit, GTZ. Both projects assist 
the Indonesian Central Government, as well as local governments, to strengthen 
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cooperation between civil society groups and local governments in selected urban areas 
to move towards more sustainable urban management. It aims to increase the efficiency 
of administrative procedures by a more intense involvement of the population in the 
political decision-making process. 

The project “Mitigation of Geohazards” comprises three fields of interaction: 

Advisory services to local municipalities, districts and civil society groups for pro-
active disaster management and the better participation of the population at risk. 

Strengthening the advisory competence of the partner institution in analysing and 
evaluating the cause-effect relationship of natural disasters and to enhance its 
competence in assessing the societal capacity. 

Guidelines to establish a legal framework for a nationwide, standardized and unified 
disaster management for preventive local disaster mitigation.  

Advisory services have been rendered to four cities on Java and Flores. On Flores the 
districts of Ende and of Maumere (Sikka) frequently have been affected by geological 
disasters in recent years. In 1992 a tsunami killed more than 2000 people in the town of 
Maumere, and in 2003 a landslide claimed 30 people near the town of Ende. 
Assessments of the georisks were carried out and presented in thematic maps. 
Recommendations were elaborated and discussed with the local governments and civil 
society representatives to give them a comprehensive picture of the georisks and of 
effective remedies. As a follow-up, the town planners started to construct a second, safer 
access road to the airport outside the 3 meter high risk tsunami zone.  

Until now the disaster preparedness in the public sector has been quite poor. Therefore, a 
series of geological hazards maps (earthquake, volcano, landslides, floods, land 
subsidence and tsunami) have been prepared in a standardized form. A “multi hazard 
summary map” has been developed refining the understanding of local risk by 
distinguishing between areas of low, middle or high degree of geological hazard. The 
map was presented to the local planners and will assist them in their regional planning 
activities.  

In order to evaluate the economic losses that might occur by doing nothing for disaster 
mitigation (zero alternatives), or by doing something wrong, the project developed a 
method for an economic loss assessment, based on an UN-ECLAC approach. In the town 
of Semarang the losses due to flooding were compared against the investments for the 
local infrastructure. The amount of money which has to be invested in the future, only to 
compensate for the losses and to rehabilitate the damage from yearly flooding is 
predicted to double within the next 10 years. The damage will reach a magnitude that 
makes further investments doubtful. 
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The flooding of Semarang is mostly generated by uncontrolled groundwater extraction 
causing considerable and high rates of land subsidence. To stop any further land 
subsidence a sustainable groundwater management policy is necessary. An alternative 
would be to construct a dam and pipeline, more than 60 km long, from the mountainous 
area southwest of Semarang. An assessment of the costs and benefits for this alternative 
was carried out by the project and compared with the economic losses that will occur if 
such an alternative is not adopted.  

One of the major obstacles for sustainable disaster management in Indonesia is the lack 
of an appropriate legal framework. On the request of the central Government, the project 
assisted the national authority for natural disaster management, BAKORNAS PBP, by 
formulating technical aspects for a national Law on Natural Disaster Management. Based 
on such a general law, local ordinances and guidelines have to be specified to standardize 
disaster mitigation nationwide, and to help the local governments in their efforts to carry 
out prevention measures within their jurisdictions. An early involvement of the affected 
societal groups also should be considered. 

Any forecast on disaster probability needs extensive and comprehensive records on 
natural disasters. The project developed a concept integrating all recorded hazard events 
in a database, including all records for the last 10 years. Each year about 350 larger 
events occur that claim about 500 victims and cause economic losses in the order of 
billions of US dollars. The database incorporates information from relevant authorities, 
among them geological and technical institutions, the Ministry of Health and the 
National Disaster Mitigation Coordination Board.  

The tsunami disaster of December 2004 has considerably changed the perception of 
politicians as well as of individual stakeholders. The German Government was asked by 
the Indonesian Government to extend its assistance in the field of natural disaster 
management through the Georisk Project by working out specific mitigation concepts, as 
well as by setting up legal frameworks for a nation-wide, standardized disaster 
management. 

This program will include the reconstruction and rehabilitation of the tsunami affected 
Province of Aceh (Sumatra). The project shall also help to assure that the technical 
information of the planned international Tsunami Early Warning System in the Indian 
Ocean will be related appropriately to the application of the local disaster prevention 
programs.  
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Geoscience Input for Landuse Planning: A Planning Tool for 
Reducing Vulnerability to Geohazards 

Saim Suratman 
Minerals and Geoscience Department Malaysia 

Abstract 
The role of the Minerals and Geoscience Department of Malaysia in providing and 
promoting geoscience information for use in the land development planning process in 
Malaysia is described and discussed.  

INTRODUCTION  

It is vital that the Minerals and Geoscience Department Malaysia (JMG) provides basic 
geoscience information concerning services, products and solutions that help to bridge 
the gap between different types of organisations - whether government agencies or 
private entities. The evolution of JMG into a knowledge-based geoscience organisation 
will enhance these attributes and consolidate this position. JMG will have to continue to 
adapt itself by reorganising its approach to collecting and collating geoscience data for 
the consumption of all concerned with its application as one of the effective tools in 
managing the environment. 

Among the strategic directions of JMG, is the effort to set in place a comprehensive 
geoscience knowledge base which can contribute to economic growth, sustainable 
development, health and safety considerations, and environmental protection. For this, 
JMG has a long-term strategy for geoscience knowledge acquisition and utilisation 
which will raise public awareness of the benefits of geoscientific input for the 
improvement of society (JMG, 2002). JMG's mission is to contribute towards enhancing 
economic competitiveness and quality of life, through the effective use of minerals 
information and geoscience services. Some of the objectives are:  

 To encourage the optimal use of geoscience information and services for the 
sustainable development of the country; and  

 To provide expert services in the fields of minerals, geoscience and mining at 
national and international levels so as to promote investments in the mineral 
sector and for national development planning.  
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In its effort to serve the community better, JMG provides various geoscience inputs 
utilised as tools in planning for sustainable land use development that includes reduction 
of potential geohazards. Inputs for environmental impact assessments (EIA) and various 
planning stages significantly help in ensuring sustainable development of the country.  
The challenges ahead for JMG include becoming:  

 a knowledge-based geoscientific service Provider; and  

 a user-focused strategic geoscience Organisation  

The increase in awareness of the policy makers, planners and decision-makers towards 
the essential contribution of geoscience to sound management of the environment has 
significantly increased the utilisation of geoscience information as tools to manage a 
better future (British Geological Survey, 1999; Geological Society of Australia 2002; 
Pereira, 2003; Pereira & Paramananthan, 2003). Geoscience knowledge determines the 
potential availability of various natural resources including minerals and groundwater 
resources. It also provides information that is vital for land assessment, engineering 
construction, environmental management and reduction of waste and pollution, and 
mitigating natural hazard risk that is essential to sustain modern development. 
Geoscience information provided at various planning stages is able to reduce the 
vulnerability of projects to geohazards.  

GEOSCIENCE FOR LANDUSE PLANNING  

In the process of planning the land use of an area, town planners require basic 
information such as geology, topography, landform and potentially unstable zones in the 
area. This information is can also be used to assess areas with potential for conservation 
and the suitability, or otherwise, of a planned development.  

It has been clearly established that geoscience input is very important as a tool in 
planning the land use for large infrastructural developments. An example of such use of 
geoscience input by the Town and Country Planning Department (JPBD) was in the 
development of Kuala Lumpur International Airport (KLIA) and the Multimedia Super 
Corridor (MSC), Putrajaya and Cyberjaya. GIS and remotely sensed data have also 
significantly helped in the planning of these areas.  

The Geologically Sensitive Areas (GSAs) scheme which was introduced by Saim 
Suratman (2002) and evolved from the feedback from geoscience to land use planning 
processes identified areas for control and administratively mitigates areas of geological 
diversity from physical development (Rohayu et al., 2001). The idea of GSA has been 
implemented in the planning of a number of `structure plans' for various States in 
Malaysia and districts in Selangor.  
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Three principal components in the GSA concepts are:  

i. natural heritage values (geodiversity): nature sites, geosites and man-induced 
site;  

ii. life support systems (natural resources): water resources, 
minerals/rocks/aggregate; and  

iii. geohazards risks: slope failure, site stabilisation, erosion, siltation, flood, 
man-induced instability, industrial and natural pollution.  

In term of development control, GSAs can be classified into 2 broad categories, (i) areas 
to be fully conserved without any development (kept in natural state) or minimal 
development, or (ii) areas to be developed with strict control. These 2 categories are 
further sub-divided into 7 different sensitivities (Saim Suratman, 2002).  

To ensure that mining is given first priority in landuse management, it is necessary to 
clear the land (of more than 200 hectares) of mineral potential before the land is given 
out to other forms of non-mining development. JMG issues mineral clearance certificates 
for certain parcels of land (mandatory for FELDA scheme) before they are developed.  

JMG is also actively involved in the sustainable management of the highlands in 
Peninsular Malaysia by providing inputs on various aspects of natural resources.  

Geological Input for Environmental Impact Assessment (EIA)  

Under the Environmental Quality Act 1974, any prescribed activities such as 
construction of dams and hydroelectric power schemes, land reclamation, incineration 
plants (scheduled waste and solid waste) and sanitary landfills require preparation of 
EIA. EIA is essentially a planning tool for preventing environmental problems due to an 
action and JMG has been involved in the review of EIA to determine the possible impact 
on the environment due to certain types of development. The department has emphasised 
the importance of geoscience data during EIA preparation and has prepared "Guidelines 
for the Requirement of Geological (Geology, Engineering Geology and Hydrogeology) 
Inputs for the Preparation of EIA Reports" which lay out aspects needed to be included 
in the assessment. Consultants preparing the EIA are advised to adhere to these 
guidelines. The environmental impacts on aspects related to geology for a number of 
projects are carefully scrutinised to ensure that these developments will not harm the 
environment.  

In Malaysia, geoscience has certainly gained recognition as a tool for control of 
environmental policies. Involvement in various Inter Agency Planning Group (IAPG) 
meetings has certainly moved JMG and geoscience in the right direction.  
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Geoscience Input for Various Planning Levels  

There is no law requiring geoscience input for various planning stages in the country, 
however, an administrative arrangement which has been established between JMG and 
the planning authorities (such as JPBD and Local Authorities) has led to the preparation 
of plans for sustainable development (e.g. Kerajaan Negeri Selangor, 2001). This 
arrangement to include geoscience input has proved significant in helping to minimise 
various geohazards in areas earmarked for development.  

Table 1. Environmentally Sensitive Areas (ESA)  

ESA 
RANK  CLASSES OF ESA  MANAGEMENT OF ESA  

ESA 
Rank 1  

All protected areas, potential protected areas, 
wetlands, turtle landing site, catchment areas of 
existing and proposed dams and areas with 
contours above 1,000m above mean sea level 
(a.m.s.l)  

No development, agriculture or 
logging shall be permitted except 
for low-impact nature tourism  

ESA 
Rank 2  

All other forests, wildlife corridors, buffer zones 
around ESA Rank 1 areas and areas with 
contours between 300-1,000m a.m.s.l  

No development or agriculture. 
Sustainable logging and low 
impact nature tourism may be 
permitted subject to local 
constraints  

ESA 
Rank 3  

All marine park islands, buffer zones around 
ESA Rank 2 areas, catchment areas for water 
intakes, areas for ground water extraction, areas 
with erosion risk greater than 150 tonne/ha/year, 
areas experiencing critical or significant coastal 
erosion and areas between 150-300m a.m.s.l  

Controlled development where the 
type and intensity of the 
development shall be strictly 
controlled depending on the nature 
of the constraints  

 

National Physical Plan (NPP)  

The NPP provides long-term strategic guidance on the development, use and 
conservation of land for the country. Some of the objectives are:  

• to ensure that the process of urbanisation would take place in the most    
systematic manner;  

• to achieve a balance between physical environment and human development; and  

• to promote economic growth and ultimately a better quality living  environment  

At this stage of the planning, policies on the protection of Environmentally Sensitive 
Areas (ESA) are formulated. Geologically related policies such as conservation of geo-
diversity, protection of geological sites and major aquifers are set in place. It is 
anticipated that the policy on protection of highlands and other ESA will help in 
alleviation of geohazards. Table 1 shows the ESA Ranking. Preservation of the natural 
topography during the development process has been included as one of the policies in 
minimising the geohazards.  
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State Structural Plan  

The structural plan is a written statement formulating a local planning authority’s policy 
and general proposals for the development and use of land. The functions of a State 
Structure Plan are: 

• Interpreting national and State/regional policies;  

• Establishing aims, policies and general proposals;  

• Providing the framework for local plans;  

• Indicating action areas;  

• Providing guidance for development control;  

• Providing a basis for co-coordinating decisions; and  

• Bringing main planning issues and decisions before the public and the State   
Planning Committee  

At this stage of the planning, certain policies formulated in NPP are identified and 
implemented. It is anticipated that the policy on protection of highlands and preservation 
of natural topography would help in alleviation of geohazards and, in particular, of 
landslides. The GSA could be best implemented during this particular stage of planning 
as policies on this could be translated into drafting of planning of land use for a large 
area. Table 2 shows classification of the sensitive areas and development guidelines. 

Local Plan  

The district local plan amplifies the policies contained in the structure plan and 
formulated in more detail up to local level. The functions of the plan are:  

• To informs the property owners, developers and the general public on the use of 
land;  

• To specify all possible actions to be undertaken by public agencies, in terms of 
location, quantity of uses and standards to be achieved e.g. new housing schemes, 
new roads, and public facilities;  

• To specify the residential density, plot ratio, and fixed access points; and  

• To emphasise certain details of the land use proposal.  

The availability of all geoscience information would ensure that the development be 
carried out in a way to prevent unwanted consequences to the environment. Potential 
geohazards such as landslides, soil erosion and siltation, mudflows and floods could, if 
not averted, be minimised. For example, development near the limestone hills would 
have to follow the ‘Demarcation of Safety Zones in the Vicinity of Limestone Hills’ 
prepared by JMG (2003).  
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Table 2. Classification of sensitive areas and development guidelines  
(after Saim Suratman, 2002)  

Geology sensitive 
areas  

Development guidelines  

A. Conservation Area  No development/minimal development  
1. Geologically 

unique areas/ 
Scenic view  

No development allowed. Areas to be fully preserved  

2. Geotourism area  Conservation or minimal development with strict control to preserve 
geological features  

B. Controlled 
Development Area  

Area requires stringent development control  

3. Industrial mineral 
deposits  

Exploitation of geological materials is strictly controlled depending on 
the raw material potential as well as to avoid wastage of industrial 
mineral deposits. Priority for mining development ahead of other 
physical development.  

4. Other mineral 
deposits  

Priority for development ahead of other physical development to avoid 
sterilisation of mineral deposits.  

5. Areas prone to 
geohazards  

 

Geological and geotechnical investigations are required before any plan 
to develop the area. Geological investigation includes:  

a. Topography of the area planned for development  
b. Lithology/bedrock  
c. Subsurface investigation  
d. Weathering grades  
e. Structural geology/rock discontinuities  
f. Type and thickness of overburden  
g. Landslide potential or any other forms of geohazards  
h. Proposal to mitigate the potential geohazards  

6. Groundwater 
reserve/wetlands  

 

Detailed geological investigation should be carried out before any 
development to ascertain that it would not trigger off any negative 
impacts. Any areas identified to be affected by the development should 
be preserved. Detailed geological investigations to wetlands and areas 
with known groundwater aquifer should be carried out with intention to 
understand the groundwater regime. Study should include:  

a. Probable alteration of groundwater flow after the development  
b. Pollution sources and potential contamination  
c. Potential drying up of wetlands  

7. Reservoir/water 
catchment areas  

Conservation or sustainable development to avoid slope instability, 
overtopping or siltation that leads to reduction of the capacity of the 
reservoir.  

 

Development Proposal Report  

This report is actually a development concept and justification. It requires a description 
of the land including its physical environment, topography, landscape, geology, contours, 
drainage, water bodies and catchments and various natural features. Available 
geoscience information to the specific plot of land will lead to enhancement of the 
proposed planned development.  
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Training Course for Local Authority Personnel on Basic Geology  

JMG has participated in a number of training courses for local authority personnel to 
instil awareness and understanding in which geology could be used as one of the tools in 
ensuring sound decisions on any landuse development.  

Terrain Mapping  

Terrain mapping conducted by JMG produces Terrain Classification Maps and derivative 
thematic maps, such as Landform, Erosion, Physical Constraint, Engineering Geology 
and Land use Classification Maps to serve as a useful tool for land use planning 
purposes. The Cameron Highlands and Pulau Pinang were amongst the first area to be 
mapped. JMG is now conducting terrain mapping in other areas where land development 
in the hilly areas is intense, such as Bukit Tinggi in Pahang. Potential geohazards in 
islands has also triggered JMG to carry out terrain mapping in Tioman Island that is 
being developed as one of the prime tourist destinations.  

Terrain Mapping Programme  

Terrain mapping in Malaysia commenced in 1996 and is conducted on topographical 
maps at a scale of 1:10,000 (Chow & Zakaria Mohamad, 2002). The base maps are 
provided by the Survey and Mapping Department of Malaysia in digital form. From the 
raw digital data, a slope gradient map is produced using the TIN Software (Figure 1).  

 

Figure 1. Example of slope gradient map which has been derived by using TIN software  
(after Chow & Zakaria Mohamad, 2002)  
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Terrain classification is carried out based on four attributes (Table 3). The attributes are: 
(i) slope gradient, (ii) terrain or morphology, (iii) the activity and (iv) the erosion and 
instability. Based on these four attributes, polygons are defined reflecting on the 
steepness of the terrain, the morphology of the slope, the activities that are conducted on 
the slope and the degree of erosion or instability of that slope (Figure 2). Such definition 
of polygons is best conducted in the field, but in areas that are inaccessible, recent aerial 
photographs may be used. Particular attention is paid to the edges of a map sheet, so that 
the mapped polygons match with those in the adjoining sheets.  

The Terrain Classification Map and its derivative thematic maps serve as a useful guide 
for the JPBD and Local Authority in their preparation of zoning and layout plans. They 
will also give a pointer to the engineers in their planning of site investigations, 
preliminary design of foundation systems and in the project layout.  

The polygons in the Terrain Classification Maps are digitised and analysis is carried out 
with GIS software (Arc Info or ArcView) thus producing the various thematic maps as 
listed below:  

Landform Map  

This map summarises the broad terrain pattern in the map sheet where slope angle and 
terrain attributes are delineated. This map is designed for the use of technical and non-
technical users who require general landform data for planning purposes.  

Erosion Map  

This map delineates the broad pattern of erosion and instability, and is designed for 
technical and non-technical users who require information regarding the general nature, 
degree and intensity of erosion and instability for planning and engineering purposes.  

Physical Constraints Map  

This map represents the major physical land resource constraints and is designed for 
technical and non-technical users who require information relating to the types of 
physical constraints, which affect the terrain. It is designed to be used as an assessment 
of the physical resources for general planning and engineering purposes.  

Engineering Geology Map  

Data from the Terrain Classification Map are used in conjunction with geoscience data 
from other sources such as geological maps, geo-hazards maps etc. This map displays the 
broad distribution of geological materials based on their engineering characteristics. It is 
designed for technical users who require geotechnical information for strategic planning 
and engineering purposes.  
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Landuse Suitability Map  

Based on attributes from the Terrain Classification Map, a Landuse Suitability Map is 
produced (Figure 3) whereby there are 4 classes; Classes 1 and 2 having low to moderate 
geotechnical limitations respectively, Class 3 high geotechnical limitations, and Class 4 
extreme geotechnical limitations. As such, Classes 1 and 2 are suitable for development 
and should not encounter many geotechnical problems, whereas Class 3 is not so suitable 
and Class 4, probably unsuitable. In terms of engineering costs for development, land 
under Class 1 will probably be having low development costs, Class 2 normal, Class 3 
high and Class 4 very high. One of the reasons is that Classes 1 and 2 will require only 
normal site investigations, whereas Class 3 will require intensive and Class 4, very 
intensive site investigations (Table 4). Landuse suitability classes for development are 
shown in Table 5.  

 

Figure 2. Terrain Classification Map (after Chow & Zakaria Mohamad, 2002) 
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Figure 3. Landuse suitability map for Cameron Highlands  
(coverage 240 km2; after Chow & Zakaria Mohamad, 2002)  

 

Table 3. Terrain classification and landuse hazard zonation attributes  
(Chow & Zakaria Mohamad, 2002) 
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Geoscience for Peat Fire Prevention  

Distributions of peat lands has been part of the geological mapping programme of the 
JMG. Previously no attempt has been made to make use of this information to help in 
managing one of the modern hazards related to the peat. Peat forest fires that lead to the 
contribution of haze in the country has prompted JMG to utilise the geoscience 
information to fight the problem. The dramatic decline of groundwater tables in peat 
areas during the dry season would normally spark off peat fires. These areas need to be 
ascertained. One pilot study area in Pekan, Pahang has been chosen to study the 
fluctuation of groundwater tables utilising data from the field as well from RADARSAT 
(Figure 4). In the current stage of the study, data obtained from field readings and 
RADARSAT are correlated. The trend of the fluctuation would be identified. If 
correlation is significant, only data from the RADARSAT will be utilised to help in 
monitoring the peat fires in the future. A groundwater well was constructed in the study 
area to help fighting the fires.  

If the study proves successful, any significant reductions of the groundwater tables will 
trigger the agencies dealing with the disaster to respond accordingly. In the future, more 
groundwater wells should be constructed in the areas prone to peat fires. 

 

Table 4. Implication of landuse classification system (Chow & Zakaria Mohamad, 2002) 

Class 
Characteristics  Class I  Class II  Class III  Class IV  

Geotechnical 
Limitations  Low  Moderate  High  Very High  

Suitability for 
Development  High  Moderate  Low  Probably 

Unsuitable  
Engineering 

Costs for 
Development  

Low  Normal  High  Very High  

Intensity of Site 
Investigation 

Required  
Normal  Normal  Intensive  Very Intensive  

Examples of 
Terrain  

1.In-situ 
terrain <15

0
, 

minor 
erosion  

2.Cut 
platform 
and in-situ 
terrain  

3.Cut slope 
<15

0
, <30m 

high in-situ 
terrain  

1.In-situ terrain 
16

0
-25

0
, no 

instability or 
severe erosion 

2.In-situ terrain 
<15

0
, severe 

erosion  
3.Colluvium <15

0
, 

no instability or 
severe erosion 

1.In-situ terrain 
26

0
-35

0
, no 

instability or 
severe erosion  

2.In-situ terrain 
16

0
-25

0
history of 

landslips  
3.Colluvium <15

0
, 

general 
instability  

1.In-situ terrain 
>25

0
 

2.In-situ terrain 
26

0
-35

0
, 

instability or 
severe erosion  

3.Colluvium 26
0
-

35
0
, moderate 

erosion  
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Table 5. Land suitability class (Chow & Zakaria Mohamad, 2002). 

 Suitability 
Class  

Criteria  Suitability for 
development  

Class I  Low geotechnical limitations  
 In-situ terrain <15

o 
slope  

 Cut platform and in-situ terrain 
and  

 Cut platform<15
o 
 

Class II  Moderate geotechnical limitations  
 Hill Crest or ridges  
 In-situ terrain <15

o 
slope with 

evidence of general instability 
and  

 In-situ terrain 16-25
o 
slope with 

no appreciable erosion.  

Suitable (subject to 
compliance with existing 

guidelines)  

Class III  High geotechnical limitations  
 In-situ terrain 16

o
-25

o 
slope with 

evidence of moderate to severe 
erosion and/or landslides  

 In-situ terrain 26
o
-35

o 
slope  

Development approval 
subject to EIA  

Class IV  Extreme geotechnical limitations  
 In-situ terrain >35

o 
slope  

Not suitable for 
development  

 

Figure 4. Location of the study area  
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CONCLUSION  

JMG will carry on acting as the principal source of geoscience information and, through 
the various planning stages in the country, help in alleviating potential geohazards by 
providing geoscience input as one of the tools to manage sustainable development.  

Terrain Classification Maps and their derivative thematic maps prepared from the 
conducted terrain mapping in Pulau Pinang and the Cameron Highlands, where rapid 
development for the flourishing tourism industry and the haphazard clearing of jungle for 
farming have led to widespread erosion, are being used as one of the geoscience tools to 
help in reducing vulnerability to geohazards. The Local Authority and Department of 
Environment are presently utilising the terrain maps as a guide in reviewing the approval 
of development projects in the Cameron Highlands. Terrain mapping is also being 
carried out in many other areas where developments in highlands are significant.  

The environmental impacts of aspects pertaining to geology are scrutinised in a number 
of projects to ensure that those projects will not harm the environment. Geological inputs 
in EIA significantly contribute to healthier environments.  

JMG will serve the government sector, industry and the community through a 
comprehensive geoscience programme by providing professional knowledge-based 
services and advice to help in making safe, sustainable and efficient decisions in 
managing the environment.  
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Land Subsidence and Its Impact in Some Major Areas of China 

Qingcheng He, Wenbo Liu and Zhiming Li 
China Institute for Geo-Environmental Monitoring, Beijing 

INTRODUCTION 

In the early 1920s, land subsidence associated with ground-water-level decline was first 
recognized in China in Shanghai and Tianjin city. Through the 1960s, land subsidence 
was aggravated continuously in the two cities. Since the 1980s, land subsidence has been 
detected in most cities and plain areas in the Yangtze Delta, Tianjin plain area and the 
eastern part of the Hebei plain. After the 1980s, groundwater exploitation for agricultural 
and medium/small-sized urban utilization increased rapidly and, accordingly, the land 
subsidence area began extending from urban to rural areas. Partial investigation indicated 
that, in the early 1990s, the total land subsidence area was about 48,700 km2 involving 
16 provinces, cities and municipalities including Shanghai, Tianjin, Beijing, Jiangsu, 
Zhejiang, and Hebei. Till 2003, the area involving severe land subsidence extended to 
93,855 km2, covering a total of 50 cities distributed in the Yangtse river delta, the North 
China plain (NCP) and Fen-Wei Faulted Basin (Figure 1). Among these cities, the 
accumulative subsidence in the subsiding centres in Shanghai, Tianjin, Taiyuan, Xi’an, 
Wuxi and Cangzhou, exceeded 2m and that in the Tanggu district of Tianjin municipality 
reached 3.1m.  

The major impacts on local sustainable development are summarized as: 1) Lessened 
efficiency of coastal levees and increasing frequency and magnitude of the occurrence of 
storm tides; 2) Settlement of constructions, crack/damage of building and failure of 
underground utilities; 3) Invalidation of levelling points and land-surface elevation 
datum; 4) Lessened capacity of water-transport structures, including canals, irrigation 
and drainage systems and stream channels, causing serious inland inundation; 5) 
Agricultural water logging and deterioration of soil quality. 

Although land subsidence induces very serious economic and social problems in China, 
unfortunately, no overall estimate has been made of the costs attributed to this 
subsidence. However estimates indicates that the economic loss caused by the land 
subsidence and ground fissures is up to ¥450-500 billion in Yangtze River Delta, the 
North China Plain (NCP) and Fen-Wei plain, of which the direct economic loss is 
assumed to be ¥35-40 billion, the average total loss is ¥9-10 billion/annum and the 
annual direct loss amounts to ¥0.8-1.0 billion. Three main areas in China are described in 
more detail in this paper. 
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Figure 1. Distribution of Main Land subsidence areas in China 

LAND SUBSIDENCE AND ITS IMPACT IN THE YANGTZE RIVER DELTA 
AREA 

Land Subsidence 

The Yangtze River Delta has witnessed the most severe land subsidence in China. Since 
the 1980s, land subsidence have been detected in Su-Xi-Chang and Yang-Tai-Tong 
regions of Jiangsu Province as well as Hang-Jia-Hu and Ning-Shao regions of Zhejiang 
province. By the end of the 1990s, areas of accumulative subsidence larger than 200 mm 
in Su-Xi-Chang region, Hang-Jia-Hu region and Shanghai municipality exceeded 10,000 
km2, accounting for 1/3 of the total area, furthermore the individual subsiding areas 
connected with each other to be a combined subsidence zone. Till now, the maximum 
accumulative subsidence in Shanghai municipality, Su-Xi-Chang region and Jiaxing city 
have amounted to 2.63, 2.80 and 0.82 m respectively.  

Land subsidence in Shanghai city was initiated in the 1920s. By the end of 1990s, the 
average accumulative subsidence of the city’s urban area reached 1.9m. In the 1980s, as 
a consequence of groundwater exploitation and utilization extending from urban areas to 
suburb areas, land subsidence area spread over the whole of Shanghai city. From 1980-
1995, the average accumulative subsidence was 81.4 mm; the annual subsiding rate was 
about 5.4 mm/annum. 
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 Since the 1990s, due to groundwater overdraft in the city’s periphery area and the 
increasing load of high-rise buildings during large-scale city construction, land 
subsidence in the urban area of Shanghai city accelerated. Up to 1998, the average 
accumulative subsidence amounted to 135.1 mm, the average subsidence was 15.0 
mm/annum and the maximum accumulative subsidence of the subsiding cone in the city 
centre reached 329 mm. 

In the Su-Xi-Chang region of Jiangsu province, land subsidence originally appeared in 
the 1950-1960s and the condition was worsened in the middle of 1980s. At present, three 
regional subsiding cones have formed in Suzhou, Wuxi and Changzhou city, the 
accumulative subsidence of these three cone centres all exceed 1,000 mm and the 
subsidence in Shitangwan of Wuxi city, which amounts to 2,000 mm, is the highest. In 
recent years, the subsiding rate of Wuxi city is still about 20-40 mm/annum and that of 
some towns is higher than 80-120 mm/annum; areas of accumulative subsidence greater 
than 200 mm and 500 mm respectively amount to 5,800 km2 and 2,000 km2. Figure 2 
shows the isograms of accumulative subsidence in Su-Xi-Chang region up to 2002. 

Land subsidence in Hang-Jia-Hu plain of Zhejiang province was initiated in about 1964, 
with the subsiding centre located in Jiaxing urban area. From the late 1970s to the early 
1980s, land subsidence developed rapidly in this area. From the 1990s, the ground 
subsidence and several subsiding cones formed. Between 1991 and 2000, in the urban 
area of Jiaxing city, the subsidence amounted to 230.4 mm and the average subsidence 
rate amounted to 23.0 mm/annum. By 2000, the accumulative subsidence of the 
subsiding centre reached 827.6 mm and the area of subsidence greater than 100 mm 
extended to 2,520 km2. Figure 3 represents the isogram of accumulative subsidence in 
the Hanga-Jia-Hu Plain during the period 1964-2001. 
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Figure 2. Isogram of accumulative subsidence in Su-Xi-Chang region up to 2002 

 

Figure 3. Isogram of accumulative subsidence in Hanga-Jia-Hu Plain during 1964-2001 

 

Excessive withdrawal of groundwater induced rapid increase of land subsidence in cities 
along the coastal zone of Zhejiang province. In 2002, the accumulative subsidence of the 
subsiding centre amounted to 484.6 mm, the total area of subsidence exceeded 175 km2 
and the subsidence rate in Ningbo city was about 3-12 mm/a. By 2003, the accumulative 
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subsidence amounted to more than 1,300 mm in the subsiding centre located in the 
western plain of Wenling city and the area with accumulative subsidence greater than 
300 mm reached about 36.45 km2. 

The Impacts 

In the Yangtze River delta, with a low and flat relief, flooding and water logging has 
historically been one of the most dramatic threats to the area. The ever-declining 
elevation of the land-surface due to land subsidence causes lessened efficiency of older 
hydraulic structures and diminished capacity of storm-drainage facilities. Consequently, 
the frequency and extent of the occurrence of damage related to inland floods and coastal 
tides has increased. Such hazards can cause paralysis of urban traffic, disruption of 
industry, crop failure and loss of people’s property. In addition, the surface water quality 
deteriorates due to the low relief and poses a threat to the local ecologic environment and 
to people’s health.  

The convenience of water transportation due to the dense stream system and multitude of 
bridges was historically significant in increasing prosperity through trade in the Yangtze 
River Delta. However, especially during the flood season, due to the rising water level 
and decreasing clearance under bridges in the delta area, the capacity of navigation is 
adversely affected. Moreover, subsidence of the docks along the river-banks significantly 
affects cargo handling, causing pounding of the dock and submergence of warehouses 
(Figure 4). 

In the Su-Xi-Chang region, ground fissure hazards were first reported after 1990. A total 
of twenty or more ground fissures have now been found in this region. They are mostly 
thousands of meters long and tens of meters wide. Monitoring results of two 
representative fissures indicates that, the subsidence of the observed points is 1-13 mm 
against the reference points. The subsidence of the ground fissures continues to be 
unsteady and differential settlement continues. In Suzhou and west of Wuxi city alone, 
the ground fissures have already ruined 24 housed, cracked 22 houses and forced a 
village to migrate after 54 inhabitants suffered from these hazards (Figure 5, 6). 
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Figure 4. Photos above record the changes of the tidal defence in Shanghai city. Due to land 
subsidence, the tidal dike has been reinforced several times—4.7 m in 1920, 5.0 m in 
1956, 5.2 m in 1962, 5.8 m in 1974 and 6.9 m in 1992. Comparatively, at present, the 
elevation of the pavement close to the dike is only 2.77 m. (the high-tide level, mean 
high tide level and mean low tide level are respectively 5.72 m, 3.12 m and 1.28 m) 

 

Figure 5. Distribution of ground fissures (the red ellipses on this map) around Wuxi city 

1920 1956 

1974 1992 



 

Sustainable Development of Geo-resources and Geo-environment 173

Figure 6. Rural residence cracked by ground fissures in a village near Wuxi city 

 

In the western plain of Wenling city in Zhejiang province, the surface relief is low and 
flat with an original surface elevation of about 2.5-3.3 m. The surface water in this area 
was controlled to remain at an elevation of 1.93-2.13 m for a long time in order to meet 
the needs of irrigation and drought mitigation. However, the surface elevation soon 
lowered to 1.55-2.00 m, which soon resulted in the eradication of cultivation due to the 
long-term submergence of farmland. Furthermore, many house basements of rural 
inhabitants became lower than the water level. According to some elementary statistics, 
the area, with surface elevation lower or near the normal river level due to land 
subsidence, is in excess of 65,860 mou, in which, the farmland total amounts to 60,081 
mou--3,062 mou. lower than water level of 1.73 m and 3,280 mou is between 1.73-
1.93m. 

According to the results of elementary estimation, from the early 1950’s to 2001, the 
economic costs due to land subsidence in the Yangtze Rive Delta sums up to ¥349.68 
billion, among which, that in Shanghai city, Su-Xi-Chang and Hang-Jia-Hu region are 
respectively ¥290.0 billion, ¥84.0 billion and ¥8.5 billion. Distinguished from the 
paroxysmal geologic hazards like landslips, landslides and mud-rock flow, the economic 
losses from land subsidence are indirect and develop gradually. Thus, the direct 
economic costs in Shanghai due to land subsidence is only ¥18.94 billion, accounting for 
6.5% of the total losses (¥290.0 billion), that in Su-Xi-Chang region is ¥2.62 billion, 
accounting for 30% of the total losses (¥8.5 billion)and that in Hang-Jia-Hu region is 
very small. 
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LAND SUBSIDENCE AND ITS IMPACT IN THE NORTH CHINA PLAIN (NCP) 

Land Subsidence 

The North China Plain is another region China where serious land subsidence has 
occurred. The three deepest subsiding cone centres in the North China Plain are 
distributed respectively in Tianjin municipality, Cangzhou City and the northeast suburb 
area of Beijing municipality. 

Land subsidence in Tianjin originated in 1920s. For Tianjin city, groundwater 
exploitation and utilization began in 1923. Since 1949, the ever-growing groundwater 
withdrawal induced severe land subsidence, the amount of which exceeded 3.1 m, 
remaining the highest in whole of China up to the present. The causes of the land 
subsidence in Tianjin are assumed to be complex for the subsidence cone centre is 
gradually moving towards the coastal zone indicating that deep oil extraction is a factor 
contributing to land subsidence in addition to the effects of groundwater drawdown. 

Till now, land subsidence of various degrees has been detected in the plain area on the 
south of Baodi urban area. In the subsiding area totalling 8,800 km2, the areas with 
accumulative subsidence larger than 1,000mm, amount to more than 4,080 km2. Field 
survey of 540 km2 in Tianjin city’s urban and suburb area disclosed that, from 1959-
2000, the maximum accumulative subsidence amounted to 2.85 m and area of 
subsidence of 2.0-2.5 m reached 37 km2. In the same period, a field survey over 200 km2 
in Tanggu district indicated that the maximum accumulative subsidence amounted to 
3.14m, which is 0.81 m lower than mean sea level. The total area lower than mean sea 
level amounts to 27.0 km2. A field survey of 270 km2 in Hangu district revealed that in 
the period 1957-2000, the maximum accumulative subsidence amounted to 2.89 m, 
which is 0.5 m lower than the mean sea level and the total area lower than the mean sea 
level amounted to 9.0 km2. A field survey of 295 km2 Dagang district found that, from 
1959 to 1999, the maximum accumulative subsidence was about 0.9m, fortunately, there 
was no area detected as lower than the mean sea level. 

In the Hebei Plain, the total area of deep groundwater drawdown cones caused by 
groundwater exploitation was 43,915 km2. Among these cones the largest one lies in Ji-
Zhao-Heng region with an area of 6,363 km2. These drawdown cone areas extended to 
become a vast combined cone covering the centre and east part of the whole of the North 
China plain, Tianjin municipality and the east part of the Hebei plain. Accordingly, in the 
1980s, 9 dominant land subsidence areas formed in Cangzhou, Baoding, Hengshui, 
Renqiu, Nangong, Bazhou, Dacheng, Quzhou and Tanghai because of the groundwater 
level decline. By 1998, the area of subsidence greater than 200 mm was up to 48,550 
km2 and the accumulative subsidence in Cangzhou reached 2,250 mm. 
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In Dezhou city of Shandong province, the area affected by subsidence was 2037.5km2 
and the accumulative subsidence of the subsiding centre was 150-387 mm. In Jining city, 
the accumulative subsidence has been 208.9 mm from 1989 to the present. An area with 
subsidence greater than 60 mm was almost 90 km2 and the maximum settling rate of the 
subsiding centre was 48.8 mm/annum. Land subsidence of different degrees was also 
found in Binzhou, Dongying and Linyi, all in Shandong province. 

In Beijing, over-pumping of groundwater is often considered to be the dominant cause of 
land subsidence but the impact of high-rise building and major engineering works on 
ground deformation cannot be neglected. The earliest land subsidence in Beijing 
occurred in 1935, but the maximum subsidence detected in the local area was only 
58mm. According to the survey completed in May of 1983, the land subsidence area in 
the east suburb of Beijing city extended to 600 km2, and the areas with subsidence 
greater than 100mm and 200mm were about 190 km2 and 42 km2 respectively. From 
1966-1983, the total subsidence in Laiguangying, north of Beijing, and in Dajiaoting, 
south of Beijng was respectively 277 mm and 532 mm. After 1987, the subsiding area in 
Beijing grew rapidly to more than 1800 km2 and the area of subsidence greater than 200 
mm amounted to 350 km2. Consequently, several new settling areas were formed in 
Beijing. Figure 8 below illustrates the accumulative subsidence in the North China Plain. 

 The Impacts 

For the coastal zones of the North China Plain, surface elevation has declined 
continuously. Taking the Tianjin coast for example, the development of several land 
depressions aggravated the storm tides. Altogether, there occurred four storm tides 
successively in 1985, 1992, 1997 and 2003 and these hazards caused the failure of the 
tidal dikes and inundation of Tianjin docks, storehouses, oil-fields, rural inhabitants and 
fish ponds. 

Running through Cangzhou city of Hebei province, the South canal is the east channel of 
both the south-to-north water diversion project and the project of water diversion from 
the Yellow river to Tianjin city. The banks along the south canal reaches through 
Cangzhou city have sunk by 1.3 m and the flood-carrying capacity lowered accordingly. 
Prior to the 1960s, even a high rate of rainfall could be drained through the sewage 
facilities. However, after the 1980s, the same amount of rainfall was prone to inundation 
and the accumulated water must be artificially pumped outside the depressions (Figure 
8). Ground fissures are also another indication of land subsidence in local areas of 
Cangzhou city (Figure 9). 
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Figure 7. Isogram of accumulative subsidence in the North China Plain 

 

 

Figure 8. Inundation in Cangzhou city of after  
storm rain  

 

Figure 9 Ground fissures in an  area Cangzhou 
city, Hebei province 
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In Tanghai subsiding centre, protrusion of well casing is found in the Jidong oilfield 
water supply site. In Tongjia Garden of Cangzhou city, a well casing coded #1 shows 
crush-fissures 9-12 cm wide. Underground utilities, densely distributed in Beijing city, 
are seriously distorted and cracked due to uneven land subsidence, and this has even 
caused disruption to these facilities sufficient to disturb daily life activities. 

Invalidation of reference points and surface elevation data due to land subsidence can 
directly affect city planning and inaccuracies of the water/tide level data from 
hydrologic/tidal stations can adversely affect the decision making for flood protection. In 
1987, a reference point near the cotton mill in Beijing was abandoned because the total 
subsidence of the site exceeded 500 mm.  In another example, the results of levelling 
along the Cangzhou section of Su-Huang railway differed by 1.0-1.2 m from the 
preceding levelling results, and this divergence caused delay in the railway construction 
process. 

Figure 10. Protrusion of an observation well casing in Xiaotangshan of Beijing city 

 

Although no detailed appraisal has been made of the overall costs of subsidence, results 
of partial estimates are cited below to indicate the costs in the North China Plain. 

During the 8 years from 1985 to 1992, the direct costs of subsidence in Tianjin city was 
about ¥1.386 billion. From 1949 till the present, the direct costs of subsidence, is as 
much as ¥10.0-14.0 billion, or annually ¥0.25-0.30 billion. Among these costs, the direct 
costs of the storm tide due to subsidence in 1992 amounts to ¥0.4 billion and the total 
direct costs of the 3 succeeding storm tides, which occurred respectively in 1985, 1992 
and 1997, reached ¥1.0 billion in Hebei province. Recently, on 11 October 2003, the 
coastal area in Hebei province once more experienced a storm tide, the costs of which 
totalled ¥0.56 billion. 
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LAND SUBSIDENCE AND ITS IMPACT IN THE FEN-WEI FAULTED BASIN 

Land Subsidence 

The Fen-Wei basin is a tectonically active region in China. In this faulted basin, there 
have emerged 3 serious land subsidence areas in Xi’an, Datong and Taiyuan city. This is 
due to the differential tectonic movement of the basement together with groundwater 
withdrawal. Among these areas, accumulative subsidence of 2.6 m and 3.6 m occurred in 
Xi’an and Taiyuan areas respectively. Land subsidence has extended continuously to 
cover the Yuci, Linfen and Yuncheng basins. 

Land subsidence in Xi’an city was initially noted in the 1960s. From then up to 1996, the 
area with subsidence larger than 100 mm totalled 150 km2 and the maximum rate of 
subsidence reached 300 mm/annum. Among the 7 land subsidence centres have formed 
up to the present, the accumulative subsidence is all beyond 2,000 mm and the maximum 
is about 2,600 mm (Figure 11). 

In Taiyuan city of Shanxi province, the area of land subsidence area is 40 km long from 
south to north and 15 km wide from east to west with several subsiding centres 
distributed in this area. In the 1980s, the area with subsidence greater than 100 mm in the 
Taiyuan basin reached 108 km2 and the accumulative subsidence at the subsiding centre 
amounted to 819mm. In the 10 years from 1980 to 1990 the ground settled by 1,781 mm 
(average 178.1 mm/annum) ，and the accumulative subsidence that occurred in 
Wujiabao amounted to 2,600 mm. By 2002, the accumulative subsidence was up to 
3,700 mm. 

In Datong city of Shanxi province, land subsidence first became apparent in the 1970s. 
At present, the accumulative subsidence in the settling centre is about 40-50 mm, the 
maximum amounts to 124 mm and the average rate of subsidence is more than 8-10 
mm/annum. The spatiotemporal distribution of the land subsidence coincides well with 
the groundwater drawdown cone. 
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Figure 11. Contour map of accumulative subsidence in Xi’an city 

 

The Impacts 

Hazards due to subsidence in the Fen-Wei basin are characteristically ground fissures. 
Ground fissures in Xi’an and Datong city were first reported in the early 1980s, and 
these ground fissures are mainly distributes in the urban and industrial areas. The 
buildings and linear structures (roads, pipe culverts, underground conduits, railways, 
etc.) in areas where dissected by fissures are subject to cracking and deformation. 

Although to date no detailed appraisal has been made of overall costs of ground fissures 
in the Fen-Wei basin has been made, a partial estimate suggests that the total costs must 
have been at least ¥5.0 billion. 

 

 

Contour map of accumulative subsidence in Xi’an city 
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THE IMPACT IN XI’AN REGION 

Thirteen dominant ground fissures have been found in Xi’an city (Figures 13, 14), 
totalling 73 km in length. All these fissures are distributed within an area of 155 km2 
coinciding with the area of land subsidence. They occur at intervals of 1-1.5 km with 
maximum rates of vertical displacements of 50 mm/annum and averages of 5-35 
mm/annum. 

Figure 12. Confined groundwater drawdown cone, land subsidence and  
ground fissures in Xi’an city 
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Figure 13. Ground fissures and resultant damage in Xi’an city 

In the Xi’an region, partial estimates suggest that direct costs due to ground fissures and 
land subsidence must have been at least ¥4.0 billion. Up to 2002, the ground fissures 
destroyed 170 buildings, 57 workshops, 2000 resident houses and 74 pavements. At the 
same time, ground fissures fractured pipelines at least 50 times, damaged two fly-over 
bridges, caused serious deterioration of farmland totalling 6200 mou and demolished 
tens of deep wells. In addition, damage to antiquities by land subsidence can also be 
substantial. For example, the famous wild-goose tower inherited from the Tang dynasty 
in Xi’an city leans 1004mm towards the northwest, and the subsidence of the bell tower 
is up to 1,000mm. All the indirect economic losses and social impacts of the damage due 
to ground fissures or land subsidence are hard to evaluate. 

THE IMPACT IN TAIYUAN AND DATONG CITY OF SHANXI PROVINCE 

In Taiyuan city, ground fissures form a zone of influence 15.5km long and 200m wide to 
the south of the Qingxu section of Da-Yun expressway running through large area of 
west Qingxu city. When first found in 1983, the ground fissure in Datong city was only 
5km long, then it developed to a fissure zone 10.5km long by 1990 and 24km long by 
1994. Up to 2002, the total amount of fissures was up to ten, forming a fissure zone 
34.5km long. The vertical displacement of each fissure was 3-6mm/annum. 

In Shanxi province, partial estimates indicate that economic losses due to ground fissures 
and land subsidence must have been in excess of ¥1.0 billion. In the last 20 years, 
subsidence in the Wujiazhuang region of Taiyuan city was about 3m, costs of which 
amounted to ¥219.4 million and the direct costs of ground fissures in Datong city 
reached ¥156.50 million (investigation done by Xi’an Institute of Geosciences, 1995). In 
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Yuci city, costs of damage to buildings and pavements, as well as that of their use-value 
decreasing, are summed up to ¥131.15million (according to China University of Mining 
and Technology). The overall costs due to ground fissures in Linfen and Yuncheng are at 
least ¥35.0 million and ¥19.3 million respectively. 
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Method to Determine the Rainfall Threshold for Precipitation-
Induced Landslides 

Li Yuan & Yang Xu-Dong  
China Institute of Geo-Environment Monitoring, Beijing 

Abstract 
Regional precipitation-induced landslides are one of the major geologic hazards in 
China, featuring sudden breakout and resulting in serious consequences including large 
areas of structural damage. Yucheng District of Ya'an City, the so-called rain city of 
Sichuan province has been chosen as the research target for this paper. Based on 
considerable practical data, the study investigated the various factors affecting the 
occurrence of landslides, conducted an overall analysis of the relationship between the 
time-space distribution of landslides and rainfall, and proposes a method to determine 
the threshold of precipitation inducing the regional landslides. A quantitative 
investigation based on the logical regression coefficient has been conducted on the 
recorded precipitation in order to determine the rainfall threshold for inducing 
landslides in the region. An expression considering both the rainfall intensity and 
rainfall threshold is established.   

INTRODUCTION 

Geologic hazards are one of the major categories of natural hazards. China, with 
complicated geologic and geographical conditions and different time-space climates, is 
one of the countries where many geologic hazards occur. These hazards, particularly 
sudden and spontaneous hazards, incur personal injury and great property loss every 
year. It is reported that that these geologic hazards, such as landfall, landslides and debris 
flows, alone caused 10499 deaths and disappearances, 65356 persons injured and 
property loss of 57.5 billion yuan since 1995, with an annual average of 1167 dead and 
disappeared as well as 6.4 billion yuan of property losses per year and the largest direct 
economic loss in excess of 20 billion yuan[1]. Ninety percent of the landslides, landfalls 
and debris flows are directly induced by atmospheric precipitation or indirectly related to 
precipitation [2].  

Yucheng district, Ya’an city of Sichuang province, the so-called “rain city” with an area 
of1067.31km2, is located in the west of the Sichuan basin as the transition area between 
the west edge of Sichuan basin and Qinghai-Tibetan Plateau. The average annual rainfall 
in this district for recent successive years is 1749.8mm.  
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The rainfall of 1456.7mm between May and October, accounts for 84% of the total 
rainfall for the year, and, in particular, from July to August, the rainfall reaches 
820.5mm, accounting for 47% of the total annual rainfall. About forty-four days 
experience rainfall above 10mm, seventeen days above 25mm and six to seven days 
above 50mm. 

The geomorphic features in Yucheng district include high mountains, deep valleys and 
steep slopes, with the mountainous region occupying a large area.. In this region, the land 
features also include compact folding growth, fractured rock masses and strongly 
weathered rocks.  

One hundred and eighty seven landslides (including landfalls and debris flows) were 
recorded in Yucheng district from 1950 to 2003. Landslides were mainly distributed in 
strata of the Guankou and Jiaguan Formations in the Cretaceous System, the strata of the 
Suining and Shaximiao Formations in the Jurassic System, and in alluvium of 
Quaternary age. Loose earth and rock is the main material of the landslides, which often 
occurred on slopes of 200-450, and predominantly on  300-400 degree slopes Precipitation 
is the main factor inducing the landslides, in particular the occurrence of landslides is 
concentrated in the rainy season (June-September). Another factor inducing landslide is 
engineering and human economic activities. Landslides often occur due to road building, 
building construction at the foot of slopes, change of the land structure of the slope and 
planting on the slope, destroying the forest vegetation and reducing the protection from 
erosion. 

DATA PREPARATION  

The exact time of landslide occurrence and the rainfall at the slide location are essential 
data for the study of the relationship between the slide and rainfall in Yucheng district. 
Essential data for the study of the landslide/rainfall threshold in Yucheng district, 
including the rainfall data for the seven surrounding counties (1996-2002), and more 
detailed data for Yucheng (2002-2004), has been used to establish the slide and rainfall 
data base for the Yucheng district of Ya’an city  

In Yucheng district, rainstorms are the main factor inducing the slides in large areas. 
However, it was noticed that some single slides occur in conditions either of small 
amounts or no rainfall. The occurrence of these slides is due to unreasonable irrigation, 
and anthropogenic dissection of the slope. In order to accurately analyze the relation 
between rainfall and slide occurrence, locations with more than two slide occurrences 
within three days (72 hours) were selected as the analysis sample. It was assumed that 
under this condition, precipitation was the main factor inducing the occurrence of slides[3 

4].  
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There are 142 slides in Yucheng district with exact occurrence time and sites recorded, 
and according to the selection principles of more than two slides within 72 hours, 85 
slide sites were identified as fulfilling the selection requirements.  

STUDY ON THE RELATION BETWEEN THE PRECIPITATION AND SLIDE 

Figure 1 is the figure for the discrete sites of the rainfall on the same day and the 
accumulative rainfall of the previous fifteen days at the sites of eighty-five selected 
slides in Yucheng district. From the figure, we can conclude that, the frequency of the 
occurrence of slides is also high when the rainfall of the same day is small (<30mm). The 
reason is that the previous rainfall causes the earth mass on the slope to be saturated or 
near to saturation, so that even a small amount of further rainfall will induce a landslide. 
If under the condition that the previous rainfall is small, slide may also occur, this being 
mainly due to the heavy rainfall of the same day. Therefore, the rainfall of the same day 
and the previous accumulative rainfall both have significant influence for the 
precipitation-induced slide in Yucheng district. 
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Figure 1. Rainfall of the same day and the accumulative rainfall for the previous 15 days at the 
selected sites in Yucheng district (see text) 

 

DETERMINATION OF THE THRESHOLD EXPRESSING RAINFALL  

As we discussed above, the slide in Yucheng district is related to the rainfall intensity of 
the day of the sliding and to and the previous rainfall. We can express the rainfall of the 
same day as the rainfall intensity but over how many days should we express the 
previous rainfall? So as to determine which rainfall has the closer relation with the slide, 
that is to discuss which variable can be used determine the rainfall threshold, this paper 
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calculates the relevant coefficient of the slide occurrence and the rainfall of the same day 
and analyzes the relation between the slide occurrence and the precipitation through the 
logic regression analysis of the occurrence of slide and the previous days’ rainfall. 

The Binary Logistic model containing more than one independent variable can be 
expressed as follows: 

Z
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1  

of which： +++×++= nn XBBXBBZ Κ22110 ε 

P represents the occurrence probability of the slide  
ε is the correction coefficient  

In order to determine the effect of the previous days’ rainfall upon the slide and how 
significant the effect is, we select the data of the successive slide concentration locations 
in August, 2003(in total 28 slide locations) and establish the data table (table 1), using 
the logic regression mode to calculate the relevant coefficient of the rainfall of the same 
day and the occurrence of slide. The dependent variable represents whether the slide 
occurs or not, the occurrence of slide of the same day is expressed with “1”; no slide, 
defined with “0”. The independent variable represents the rainfall of the days before the 
occurrence of the slide; select the rainfall of the same day (one-day rainfall), the rainfall 
of the day before (2-day rainfall); rainfall of the previous two days (3-day rainfall) and 
the rainfall of the previous 3 days (4-day rainfall) and so on.. 

Table 10 Data table in Aug, 2003 

Date Slide  
or not 

One-day 
 rainfall 

Two-day 
 rainfall 

 Three-day 
 rainfall 

Four-day 
 rainfall 

Five-day 
 rainfall 

Six-day  
rainfall 

2003-8-23 0 32.22 10.04 21.74 3.48 1.02 1.92 

2003-8-24 0 15.40 32.22 10.04 21.74 3.48 1.02 

2003-8-25 1 207.00 46.50 67.60 0.60 47.50 0.60 

2003-8-26 1 36.30 207.00 46.50 67.60 0.60 47.50 

2003-8-27 0 7.66 47.40 97.38 15.40 32.22 10.04 

2003-8-29 1 95.00 19.60 1.50 26.60 43.30 35.00 

2003-8-30 0 19.57 94.37 26.20 0.67 22.87 82.70 

2003-8-31 1 21.40 12.60 73.30 23.70 0.00 12.80 
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Introduce one-day rainfall, two-day rainfall, three-day rainfall, four-day rainfall and five-
day rainfall into the SPSS software, when add the five-day rainfall, the relevant 
coefficient(B) is “zero”,(table 2) indicates that the five-day rainfall has no impact upon 
the slide. 

 

Table 2. Variables in the Equation 

  B Sig. 

Step 1(a) @1 .098 .044 

  @2 .065 .007 

  @3 .033 .038 

  @4 .058 .019 

  @5 .000 .998 

  Constant 10.840 .022 
a Variable(s) entered on step 1: @1， @2， @3， @4， @5. 

The occurrence of slides in Yucheng district is related to the four-day rainfall, that is, the 
rainfall of the same day (one-day rainfall), the rainfall of the day before (two-day 
rainfall), the rainfall of the previous two days(three-day rainfall), the rainfall of the 
previous three days(four-day rainfall). Moreover, we see that the one-day rainfall has the 
maximum impact upon the occurrence of the slide with the relevant coefficient of 
0.098(Table 2). 

According to the coefficient (B) of all the variables in Table 2, we find: 

Z=0.098R1+0.065R2+0.033 R3+0.058R4-10.84+ε  

According to the classification of SPSS calculation, determine the correction coefficient 
ε of 2.5, combining the actual situation of slide in Yucheng district and the research 
purpose. 

 

 

Of that, p is the occurrence coefficient of the slide; R1 is one day rainfall , R2 is the two 
day rainfall , R3 is the rainfall in three days and R4 is the one in four days. 
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According to the analysis above, the rainfall of the same day and of the previous three 
days have a direct impact upon the slide. The rainfall threshold expressing rainfall is 
determined as the rainfall of the same day (rainfall intensity) and the accumulative 
rainfall of the previous three days (the rainfall in the previous period). 

STUDY ON THRESHOLD  

The acquisition of the threshold is established on the basis of rainfall statistics of the 
previous slides in Yucheng district. As mentioned above, the previous slides sample 
meeting the requirement in Yucheng district totalled 85, examining all the 53 slide 
locations, except the ones in Aug, 2003, with the slide occurrence probability formula of 
four-day precipitation, it is found that 12 slide locations have small occurrence 
probabilities and the inspection fails. Through analysis, we find that here, incorrect 
rainfall data is caused by the large distance between the slide location and the nearest 
rainfall measuring location. So when determining the rainfall threshold in Yucheng 
district, these 12 locations were ignored and the data of the other 73 slides were used to 
determine the threshold. 

 According to the conclusions above, a table for the discrete locations is made by plotting 
them against the rainfall of day when the slides occurred (R1) and the rainfall of the 
previous three days. (RL3, Figure 2).  
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Figure 2. The selected slide locations with figures of the rainfall of the day of slide occurrence 
and that of the previous three days 
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The data shows the expression of the landslide threshold in the rainfall-induced region of 
Yucheng district as:   

R1 = -0.62RL3 + 84.4  

In this expression: R1 is the rainfall of the slide occurrence day; 

RL3 is the accumulative rainfall of the previous three days (figure 3) 

 

Figure 3. the relation between the rainfall of the slide occurrence day and previous three days  

 

CONCLUSION 

Research indicates that the occurrence of landslides in Yucheng district is related to the 
rainfall during 4 days, i.e., the rainfall of the same day (1-day rainfall), the rainfall of the 
day before (2-day rainfall); rainfall of the previous two days (3-day rainfall) and the 
rainfall of the previous 3 days (4-day rainfall). Of that, 1-day rainfall has the maximum 
impact on the occurrence of landslides. The rainfall precipitation expressed as the rainfall 
threshold is determined as the accumulative rainfall of the rainfall on that same day and 
in the previous 3 days. 
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Tsunami Risk Assessment and Rehabilitation Plans for Thailand 

Kjell Karlsrud 
The Norwegian Geotechnical Institute, Norway 

 

The December 26 2004 tsunami event devastated large areas along the coastlines of 
Indonesia, Thailand, Myanmar, Sri Lanka and India, and even some parts of the east 
African coastline. It is a great challenge to the authorities in the countries affected by the 
tsunami to deal with the future risk of tsunami events and how to rehabilitate the 
devastated areas under consideration of that risk. 

On initiative from the Norwegian Geotechnical Institute (NGI), a project has been 
initiated to help develop a rehabilitation strategy in Thailand, but it is also intended as 
serve as an example project for other countries in the region. The project is undertaken 
for the Department of Mineral Resources (DMR) under the Ministry of Natural 
Resources and the Environment in Thailand, and is undertaken by NGI in cooperation 
with CCOP. The project is fully financed by the Royal Norwegian Ministry of Foreign 
Affairs.  

The various components of the project include: 

1. Identification of possible future seismic and tsunami-triggering dislocation 
scenarios, and their associated risk level. This will involve a detailed study of the 
plate tectonics in the region and earthquake statistics, including correlations 
between earthquake magnitude and possible dislocations causing tsunamis. 

2. Analyses of possible tsunami inundation levels for the various seismic scenarios and 
their possible consequences. A first step will be to verify that available tsunami and 
inundation models can predict the observations in connection with the December 
2004 event on both global and local levels. 

3. Assessment of possible measures to reduce or eliminate the potential consequences 
of future tsunamis. These may include physical barriers, vertical land reclamation, 
strengthening of buildings/new building codes, and development of new urban and 
city plans with the focus on establishing safe “islands” and escape routes and the 
placement of critical functions in safe areas.  

4. Propose overall and specific reconstruction and rehabilitation plans for three typical 
selected areas along the coast in Thailand. Such plans will have both a short term 
and long term perspective. 
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The project gives special attention to establishing good contact with both central and 
local authorities and stakeholders in Thailand, as well as regional dissemination of the 
results. 

The project outlined above was completed in early 2006 and the full report is available 
for free download at http://www.ccop.or.th/download/pub/tsunami_final_report.pdf 
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Assessing Human Impacts on Geochemical Processes: 
Approaches and Techniques for “Source Apportionment” 

Kevin Telmer 
School of Earth and Ocean Sciences, University of Victoria, Canada 

 

The human impact on the distribution of many naturally occurring substances, such as 
metals, nutrients, sediments, carbon, and others, can often be equivocal. Here I broadly 
discuss the history of the science of “source apportionment” of metals in the 
environment, and then discuss the strengths and weaknesses of five approaches used to 
assess the degree of human impact on the distribution of materials in nature that are 
otherwise governed by geological processes.  

The toxic effects of metals on ecosystems has propelled many researchers to try to 
quantify the magnitude of metal loadings to the environment from industrial sources 
such as mineral smelters (e.g. Hopper and Barrie, 1988; Sturges and Barrie, 1989; 
Carignan and Gariepy, 1995; Telmer et al., 2004). However, separating natural 
deposition of metals from that caused by humans can be complicated (e.g. Reimann and 
Caritat, 2000). Several approaches can be employed (five are discussed below), however, 
difficulties can arise because metals occur naturally and therefore, even in pristine areas, 
they are present at a “background” concentration. Background concentrations of metals 
are neither uniformly distributed nor easily predicted because of spatial and temporal 
(through time) variations that are caused by variations in the strength of their sources and 
the controls on their deposition. Variations in climate (Luque and Julia, 2002), ecology 
(Twiss and Campbell, 1998), lithology (Allan, 1971; Coker, 1974; Davenport, 1982; 
Wright et al., 1989; Rogers et al., 1990; Coker et al., 1995; Cook, 2000) and the 
intermittent nature of sources such as volcanism (Zdanowicz et al., 1999), dust storms 
(Grousset et al., 2003), and sediment supply (Boyle et al., 1998) cause metals to be 
heterogeneously distributed in nature. As well, post depositional remobilisation of metals 
(diagenesis) can obscure the primary depositional signal (Wersin et al., 1991; 
Rassmussen et al., 1998a; MacKenzie et al., 1998; El Bilali et al., 2002; Telmer, 2004; 
Telmer et al., 2005). The magnitude and significance of diagenesis is debated (Meili, 
1995; Fitzgerald et al., 1998; MacKenzie et al., 1998; Rasmussen et al., 1998b) however, 
an increasing amount of evidence is illustrating that authigenic minerals and redox 
conditions are not distributed according to the expected monotonic diagenetic depth 
profiles (Ferris et al., 1987; van der Zee et al., 2003; George et al., 2004). Rather short 
(seasonal) and long term (Holocene) processes are being recognized as important 
controls on metals in sediments (Telmer and DesJardins, 2004; Telmer et al., 2005b). It is 
becoming clearer, therefore, that understanding (and modelling) the transport and fate of 
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chemicals in sediments requires similar methods as those currently employed for the 
movement and fate of metals in other porous media such as groundwater aquifers and 
hydrocarbon reservoirs.  

Many studies that have used lake sediments to estimate atmospheric deposition of 
industrial emissions have had a regional focus (often hemispheric in scale) and so they 
have generally not established direct links between specific sources and remote 
deposition. Rather they have typically used global emission estimates as “guidance” on 
input levels (e.g. Hylander and Meili, 2003). Deposition from specific sources was more 
directly addressed by the large research program that investigated the fate of mining and 
smelting emissions in the Kola Peninsula (Reimann, 1998) and by the Geological Survey 
of Canada (GSC) with its Metals in the Environment (MITE) program that began in 1997 
and focussed much of its activities in the vicinity of the Horne Smelter at Rouyn-
Noranda, Quebec, through a series of coordinated studies (e.g. peat: Kettles and 
Bonham-Carter, 2002; tree-rings: Savard et al., in press; soils: Henderson et al., 2002; 
snow: Telmer et al., 2004; lakes: Telmer et al., 2005a; Bonham-Carter et al., 2005). 

These projects use a variety of new approaches to further understand the fate of 
industrial loadings of metals to lakes. For one, by deliberately choosing an isolated point 
source of metal emissions to the atmosphere, it is possible to exploit the decrease in 
element deposition that occurs with distance from the source in order to estimate the 
impact of the smelter on the surrounding landscape. Further, by utilizing the known 
emissions of metals to the atmosphere from a source (dating back almost 70 years in the 
case of the Horne Smelter) and comparing these to chemical signatures preserved 
through time in various media, it is clear that that post depositional remobilisation is a 
significant process. An important consequence of remobilisation is that metals may 
persist in the environment for longer times.  In other words, because they are remobilised 
upwards, they are not easily buried and may therefore persist well into the future.  

Techniques available to assess the human impact on geological processes can generally 
described in five groups.  

1. Chemical Fingerprinting – This can be accomplished by identifying a chemical 
constituent that is unique to a source. In the case of synthetic chemicals such as 
PCBs, the source is unequivocally human industry (unnatural) and the precise 
structure of the compound may be unique to a manufacturing process or distributor 
and so can be readily identified. Chemical fingerprinting can be more difficult for 
naturally occurring materials such as metals. In this case, the most reliable link to 
source is unique isotope ratios. The power of this approach has been illustrated for 
sources of Pb in the southern hemisphere by Bollhofer and Rosman (2000). They are 
able to uniquely isolate multiple sources of Pb by measuring 206/207 and 208/207 
ratios. However, DesJardins et al., (2004) using isotopes to separate American and 
Canadian sources of lead to the atmosphere noted that the method requires detailed 
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understanding of the source of emissions. Their results differed from those estimated 
earlier by using epiphytic lichens probably due to the fact that the isotopic 
composition of the Canadian and US sources has shifted due to increased 
international trade in lead and a lesser dependency on national production. 

2. Spatial Analysis – anomalies in space and their associations. Statistically, or 
qualitatively correlating elevated metal concentrations with landscape features such 
as geology, water type, plankton abundance, forestry, landuse, industry, agriculture, 
urbanity and point sources has been a “pathfinding” strategy employed by scientists 
for many years. This approach is often informative and can greatly assist in 
formulating ideas and testing hypothesis but rarely provides irrefutable evidence for 
source. The robustness of this approach, however, is improving with innovations in 
remote sensing making many more spatial data products available. Combining this 
approach with the others described here also offers the potential for greater insight. 

3. Temporal Evidence – comparing past to present. By observing enrichments or 
depletions in elements in a single media through time – in ice cores or sediments – 
inferences can be made about recent rates of environmental dispersal versus 
historical rates. This approach works well if the media used to extract the historical 
record is relatively inert both chemically and structurally. Unfortunately these criteria 
rarely occur in nature. Ice cores exhibit perhaps the most ideal behaviour. The ability 
to extract an irrefutable historical record of element deposition from subaqueous 
sediments is however, as described above, currently under debate. It may be possible 
to successfully use subaqueous sediments by carefully choosing a location and by 
careful analysis of the right parameters, but this can be complicated and so this 
approach also rarely attains irrefutable source apportionment evidence. 

 4. Speciation / Partitioning - Which phase? Solid, aqueous, gaseous? Crystalline or 
amorphous? Mineralogical or adsorbed? The “chemical location” of elements in the 
environment tells us much about pathways and bioavailability and also provides 
information about source. For example the Pb contained in highly resistant silicate 
minerals in sediment cores is unlikely to be of anthropogenic origin and is unlikely a 
source of toxicity, whereas the Pb bound to amorphous iron oxyhydroxide coatings 
on mineral grains could be. The distribution of elements in a sample matrix therefore 
is useful information in constraining source (as well as behaviour) but due to the 
complexity of obtaining this information, the technique also rarely provides the 
“smoking gun” to pinpoint sources of contaminants.  

5. Mass Balances – Mass distribution and at what rate? The mass of an element that 
passes through or is contained within a system is often a strong constraint on source 
apportionment hypotheses. For example, an up-core enrichment of Hg in lake 
sediment cores may seem to provide evidence of a recent increase in Hg deposition 
due to anthropogenic emissions (perhaps from coal burning). However when coupled 
with direct measurements of Hg deposition to the lake system, the mass of Hg bound 
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in the uppermost layers is simply too large to be explained by atmospheric 
deposition. In such a case, new hypotheses invoking other fluxes must be formed to 
explain the mass distribution in the environment.  

Only the first and last methods, chemical fingerprints and mass balances, offer irrefutable 
evidence about source. The others provide useful information for constraining ideas 
about source but rarely are able to quantitatively apportion it. A combination of methods 
is recommended.   
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Risk Assessment for Heavy Metals in Soil and Groundwater 
Environments in Japan 

Takeshi Komai & Yoshishige Kawabe 
National Institute of Advanced Industrial Science and Technology (AIST), Japan 

Abstract 
Risk and exposure assessment for the subsurface environment is very important for 
both aspects of health protection from hazardous chemicals and for making decisions 
for remedial goals in corrective actions. Estimation of exposure to hazardous 
chemicals, especially from soil and groundwater, is essential to assess the levels of risk 
to human health. In this paper, methodologies of risk assessment necessary for soil and 
groundwater contamination are described. Original exposure models have been 
developed, which are used for site assessment of heavy metals, organic compounds, 
and POPs. In addition, risk assessments for Arsenic (As) and Lead (Pb) in Japan are 
discussed in order to develop more realistic exposure scenarios and to apply them to 
practical environmental problems. 

INTRODUCTION 

Knowledge of risk analysis is very useful for site assessment of hazardous chemical 
substances in soil and groundwater environments. The methodology and the procedures 
are generally referred to as ‘Risk Assessment’. In Japan there are national environmental 
criteria for soil and groundwater. However, those criteria have been determined only by 
values estimated for direct human daily intake, not for exposure to the environment. 
Environmental criteria would not be used for natural sources of hazardous chemicals and 
substances which are not regulated. Thus, it is necessary to conduct a risk assessment for 
each contamination site in specific situations. 

There are a lot of complicated methodologies for exposure and risk assessment for the 
subsurface environment. As the first step of the procedure, it is necessary to assign the 
exposure scenarios to the generic or specific case. The scenario consists of the exposure 
route, exposure condition, and exposure factors. Many data and documents related to 
chemical substances, environmental media, and exposure groups are also needed for the 
exposure assessment. In the second step, three kinds of exposure model are used here to 
determine the level and distribution of exposure to the individual. The final step is the 
procedure of risk assessment, using both results of exposure and hazard assessments. 
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Original risk and exposure models and a computational system for the assessment are 
introduced in this paper. These methodologies have been utilized for practical situations 
of soil and groundwater contamination in Japan. Also discussed are the results of 
exposure and risk assessment for heavy metals in order to illustrate their application to 
practical situations of contamination. 

EXPOSURE SCENARIOS 

The types of exposure scenario can be summarized into three categories based on the 
properties of chemical substances; (1) Heavy metals and related substances, (2) Organic 
chloride compounds and VOCs, (3) Dioxins, PCBs and POPs compounds. 

The typical case of the exposure route for (1), heavy metals and related substances, is 
shown in Figure 1. The most probable routes are intake of drinking water via 
groundwater and surface water, and intake from crops, dairy products and fish. Direct 
intake from soil through dermal contact and vapour inhalation, is a possible route for the 
assessment. On the contrary, the main routes for (2), Organic chloride compounds and 
VOCs, are inhalation from air as well as intake from drinking water, especially from 
groundwater. TCE, PCE, and other VOCs migrate very easily into the subsoil and 
groundwater environments. The third category, Dioxins, PCBs and POPs compounds, 
has many different exposure routes, because of the properties of the substances. These 
are typically persistent organic compounds, so that they migrate through a variety of 
media and environments and have very low degradation rate. 

Figure 1. Exposure pathways for heavy metals 

DEVELOPMENT OF EXPOSURE MODELS 

Modelling the amount of exposure in every route and the behaviour of chemical 
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models. There are major differences for the subsurface environment compared with other 
environmental media, such as heterogeneous properties, multiphase flow in porous 
media, and the enclosed environment. It is usually hard for POPs to be decomposed if 
they are emitted into the subsurface environment because of less light and redox 
conditions. Many parameters of environmental behaviour in soil and groundwater must 
be known. The most important parameters and data are those relevant to hydrology and 
geology, as well as exposure factors of the human body. 

Three types of exposure model have been proposed and are developed for different 
purposes. Each type of exposure model is being developed for more advanced exposure 
assessment and application to Japanese situations. The screening type exposure model 
for the general condition is referred to as a ‘Generic Model’. The computational model 
GERAS-1 was developed as a site assessment tool and made available to the public. The 
concept and structure of the model are shown in Figure 2.  

 

Figure 2. Original generic-type exposure model 
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Figure 3. Site-specific exposure model 

We are also developing a more detailed exposure model having a 3-D structure and 
advanced numerical methods for flow and transport in the subsurface environment. 
Another system is the multimedia exposure model that consists of the atmospheric, 
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physical and chemical properties, the Multi-grid Multimedia exposure model as shown in 
Figure 4 should be very powerful for realistic exposure assessment. Persistent organic 
chemicals (POPs), such as DXNs, PCBs, and pesticide compounds, are typical 
substances which must be examined using multimedia exposure assessment. 

Figure 4. Multimedia type exposure model 
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PRACTICAL APPLICATION TO RISK ASSESSMENT 

Various kinds of assessment have been made by using these types of model. The original 
computational system of generic-type exposure assessment has already been used for site 
assessment. More than a hundred companies and consultants are utilizing it for assessing 
lands contaminated by metals, VOCs and other compounds. The risk assessment gives 
reasonable results, which offer the advantage of making a cost-effective decision for site 
remediation. The Site-specific model will be introduced shortly for taking more effective 
and economical corrective action. Parameters and data for models have been in 
preparation as a form of computer database.  

Risk Assessment for Pb and As in Soil 

Risk assessment for Pb and As contained in contaminated soil was carried out using the 
developed generic model and some parameters obtained in typical natural environments, 
such as baseline surveys, and some contamination sites in Japan. The main objectives of 
this study were to identify the major exposure pathways and to assess the exposure 
distribution and risk level for humans. It was found in the case of As that the major 
exposure pathways were both direct intake of soil, and indirect intake through drinking 
groundwater. Crops are also an important exposure route for oral ingestion. The main 
pathway in the case of Pb, however, was mainly from direct intake of contaminated soil. 
The assessment was conducted for the duration of childhood, adulthood and total 
lifetime. Figure 5, shows the results of the exposure assessment, based on the 
background levels of Pb and As. The rate of childhood exposure is much higher than in 
adults, and this means that if we have intake of these metals over the rate of daily 
tolerance, the risk level is considered to be unacceptable. Approximately 30-40% of 
exposure is from drinking water in the case of As.  

Figure 5. Results of exposure assessment for Pb and As 
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The result of risk assessment for Pb and As is shown in Figure 6. Data for the 
distributions of soil content were obtained by the baseline survey of metals in the whole 
of Japan. The rate of exposure was calculated by Monte Carlo simulation with 10000 
times. The upper figures represent the result for As exposure rate/TDI, oral cancer risk 
and inhalation cancer risk, and lower the results for Pb exposure rate/TDI, and blood Pb 
concentration. These results suggest that relatively high risk levels are found for As 
exposure, and that less risk levels for Pb exposure in the natural background conditions 

of Japan.  

Figure 6. Risk levels of As and Pb for humans living in the general environment in Japan 
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been developed, and many companies and local governments have utilized them for risk 
communication. The risk assessments for As and Pb in Japan were carried out to clarify 
realistic exposure situations and risk levels. As a result, it was found that the risk level 
for As was a little higher than the acceptable level even in natural background 
conditions. Especially for the content of As in soil, the value of environmental criteria in 
Japan should be lower than the regulated value of 150 mg/kg. The current environmental 
criteria for soil content and leaching concentration for Pb are reasonable values.  

 

Table 1. Exposure rates and risk estimation for Pb and As 
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 Arsenic        Lead Exposure rates and risk 
5% 50% 95% 5% 50% 95% 

Ingestion of soil 1.2×10-3 5.6×10-3 2.8×10-2 4.7×10-3 2.2×10-2 9.8×10-2 

Ingestion of groundwater 1.1×10-3 4.7×10-3 2.2×10-2 4.9×10-5 2.2×10-4 9.7×10-4 

Inhalation of soil 8.5×10-6 3.3×10-5 1.3×10-4 3.4×10-5 1.2×10-4 4.5×10-4 

Crops intake 3.2×10-4 1.2×10-3 4.8×10-3 1.6×10-4 5.8×10-4 2.1×10-3 

 L
ife

tim
e 

ex
po

su
re

 ra
te

 
[μ

g/
kg

/d
ay

] 

Total 3.0×10-3 1.2×10-2 5.3×10-2 5.0×10-3 2.3×10-2 1.0×10-1 

TDI [μg/kg/day] 2.1 3.6 

Total/TDI [%] 0.1 0.6 2.5 0.2 1.1 4.8 

Cancer Risk 4.5×10-6 1.8×10-5 7.9×10-5 - 

Blood conc. [μg/dl] - 0.2 0.5 1.9 
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Risk Management as a Coherent Way to Address 
Artisanal/Small-Scale Mining Issues 

Satoshi Murao 
Geological Survey of Japan, AIST, Japan 

Abstract 
Artisanal/small-scale mining (ASM) is an established sector in many Asian countries, 
and sometimes it is developed into an informal but well-organized medium to large-
scale mining sector. Although international organizations try to set up comprehensive 
guidelines and rules for ASM issues that are concordant to the Millennium 
Development Goals, little action has been seen from intermediate institutions such as 
geological surveys. One of the reasons for such inertia could be attributed to the lack of 
a generic methodology to handle such a wide spectrum of issues. Since various kinds of 
hazards and problems in ASM can be generalized as “risk”, risk management could be 
a method to observe the situation, evaluate hazards, analyse phenomena and find 
solutions. Such management involves four stages of activities; risk statement, risk 
assessment, risk communication and evaluation of the effectiveness of management. In 
ASM issues, geological institutes are expected to be the coordinator/facilitator who 
relates decision- makers with the local community. Thus risk communication becomes 
a new challenge for geological institutes while risk statement and assessment belong to 
their conventional role.     

INTRODUCTION 

According to the statistics of ILO (1999), more than 13 million people are engaged in 
artisanal/small-scale mining (ASM) worldwide and another 80-100 million depend on 
the activity for their livelihood. For Asian region, the same statistics estimated about 6.7-
7.2 million miners, and the number seems to be soaring. In many cases, ASM is illegal or 
extrajudicial and sometimes grows up to medium or even to organized large-scale 
mining. There is a pressing need to establish guidelines and protocols for better 
regularization of ASM and assistance to local people.  

Hitherto not many activities have been known in the CCOP region and so the Geological 
Survey of Japan, AIST, made a project proposal to the Development Grant Facility of the 
World Bank through the Communities and Small Scale Mining (CASM) secretariat. This 
was approved as the CASM-Asia Project and was initiated in June, 2005. Through the 
Project, CCOP is to provide stakeholders with the tools to upgrade their ability in 
science, technology and management; and find ways, mechanisms or frameworks to spur 
people’s interaction, communication, cooperation and collaboration towards solutions of 
ASM issues. 
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In order to achieve the above-mentioned goal, it is necessary to find a methodology to 
handle complex ASM issues. Risk management seems to be an effective option and the 
possibility is discussed in this paper. 

VIEW OF THE INTERNATIONAL COMMUNITY 

Although many perspectives on ASM have been presented by different sectors, and many 
concerned technology, recently the international community came to see ASM as an 
issue of poverty alleviation. For example, a representative view of the UN, “the Yaounde 
Vision Statement”, aims to “sustainably reduce poverty and improve livelihood in 
African Artisanal and Small-scale Mining (ASM) communities by the year 2015 in line 
with the Millennium Development Goals (MDG)“, and identifies as a goal “mainstream 
poverty reduction strategies into mining policy inclusive of ASM policies”. The MDG 
has eight goals (Table 1) to which specific issues of ASM such as environmental 
degradation, child labour and diamond conflicts can be attributed. 

Table 1. Millennium Development Goals by the United Nations  

------------------------------------------------------------------------ 

Eradicate extreme poverty and hunger 

Achieve universal primary education 

Promote gender equality and empower women 

Reduce child mortality 

Improve maternal health 

Combat HIV/AIDS, malaria and other diseases 

Ensure environmental sustainability 

Develop a global partnership for development 
------------------------------------------------------------------------ 

ROLE OF MIDDLE-LEVEL AGENCIES 

As mentioned above, international institutions (and governments) are trying to bring 
ASM issues into mainstream MDG and poverty alleviation policies, and if we intend to 
respond to such a trend, we should shape specific actions. However few actions are 
known at intermediate-level institutions responsible for practical business affairs. For 
example, UNDESA (2003) states that “middle level or meso-institutions for health, 
education, security and infrastructure, have hardly made an impact on ASM 
communities”.  
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Many factors such as deficit of manpower and budgets can be reasons for such inertia, 
but one of the major factors could be the lack of a comprehensive methodology to let 
officers who are responsible for ASM be effectively engaged in the issue.  

Geological institutions are expected to be coordinators or facilitators of the ASM issue in 
the ability of making a holistic picture by overlaying various kinds of data and 
information on to topographic and geologic maps. However if they apply individual 
countermeasures every time they see a problem, the result will be piecemeal and lack 
coherence.  For better coordination and facilitation in ASM, they need to be proactive 
and to be better prepared for anticipated events. It seems to be necessary to introduce a 
holistic methodology to geological institutions in order to handle the ASM issues in a 
coherent and systematic way. 

RISK MANAGEMENT AS A POSSIBLE METHOD 

One of the options for geologists to handle the ASM issue in a coherent way may be the 
introduction of risk management procedures. ASM activity displays a wide spectrum of 
problems from environmental to geological and social issues. Typical environmental 
issues are deforestation, loss of vegetation cover, loss of soil, siltation of rivers, heavy 
metal contamination of soil and sediments, water pollution, leak of cyanide solution and 
industrial waste left on site. Geo-hazards are also often observed, such as landslides after 
rain, flash flood/landslides, inundation by water, gas explosion, cave-in and mudslide 
after rain. Hazards in the working environment are also known such as dust, fumes, 
noise, vibration, heat and ergonomic problems. Health issues are another important 
category and HIV/Aids, pneumoconiosis (silicosis) and heavy metal poisoning are 
examples. Accidents often happen such as explosion of dynamite, elevator fall, oxygen 
shortage, flooding of excavations and collapse of excavations. Social issues are complex 
and  out with author’s expertise, but child labour, conflict between local people and 
mining companies, increase in crime and civil war to seize power on mineral-rich land 
are well known to the public. It is noteworthy that if the word “risk” is adopted, all of the 
hazards mentioned above can be generalized in this word and can be treated in a generic 
way via risk management. 

HOW DO WE CONDUCT RISK MANAGEMENT? 

The word “risk” means the probabilities and impacts of future events. In any case, the 
first step is identification of risk, i.e. a description of the current conditions that may lead 
to loss or hazards and a description of the loss or hazards. This process is called risk 
identification or risk statement. After this, estimation of risk is done based on statistics of 
past events and their impacts. Information about past events with social models of 
communities, economic models and physics of earth processes should be integrated if 
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possible. After the estimation, the risk is compared with a norm or standard (if any) and 
is analysed. Risk evaluation and analysis is collectively called risk assessment. Once risk 
assessment has been done, countermeasures are considered and a plan is made to solve 
problems. In case of environmental degradation, one of the following options can be 
selected (Table 2). Also “risk communication” is conducted among all stakeholders.    

 

Table 2.  Countermeasures against risks 

          ------------------------------------------------------------------------- 

Hold  (e.g. some places of Hg contamination) 

Mitigation  (e.g. soil contamination) 

Avoidance  (e.g. location of house) 

Transfer  (e.g. mine tailings/insurance) 

          ------------------------------------------------------------------------- 

 

RISK COMMUNICATION 

“Risk communication” is an interactive process of exchange of information and opinion 
(of risks) among individuals (National Research Council, 1989). We need such a process 
to fill in the gap of “risk perception” between people and experts. It is also to build trust 
in each other and guarantee bilateral, transparent and fair conversation between 
stakeholders. 

In order to succeed in information provision, we need to know that there is a gap in risk 
perception between experts and the general public. Whereas technologically 
sophisticated analyses employ risk assessment to evaluate hazards, the majority of 
citizens rely on intuitive risk judgments, typically called “risk perceptions”. In other 
words, what matters for general people is what they hear and understand what experts 
say, which may be very different from what experts thought they said.  

Risk communication is a lengthy and laborious process but it is a key to successful talk 
and finding solutions to issues. However when the communication is conducted, we face 
many obstacles.  
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For example, the following facts were observed during risk communication between the 
Geological Survey of Japan, AIST and ASM miners in a mercury-contaminated region. 

 Strong distrust of governments is seen among local people; government’s fair attitude 
to people and everyday trust building with them is important. 

 A focal point is necessary for the first contact with miners; it is recommended to 
organize miners into a cooperative. 

 Communities differ from place by place; community profiling helps preparation of 
talks. 

 When meetings are formally structured, people do not talk much: structured meetings 
seem to hinder free development of participants’ ideas. 

 People tend to discuss responsibility for problems and the discussions then lose 
focus: a governmental action plan should be prepared to realize fair handling of 
issues. 

 If participants are not authorized to represent their group/organization, discussion 
does not bear fruit; the organizer should select representative persons from each 
institution who can take responsibility for the discussion and agreement. 

 People tend to insist on the introduction of international aid: they need to be 
experienced/enlightened on participatory projects for community development; 
raising awareness is vital.  

 People often request the facilitator to bring aid programmes: the facilitator must be 
completely neutral. 

 People prefer to talk in their local language; a reliable translator should be carefully 
chosen; apathetic translators (and staff) ruins discussion. 

CONCLUSION 

Although risk management, especially risk communication, seems to be vital in finding a 
breakthrough in the ASM issues, the experience of the Geological Survey of Japan, 
AIST, shows that the practical business faces many obstacles. Accumulated wisdom to be 
referred to by stakeholders is not sufficient in Asia.  Through collaboration in CASM-
Asia and other projects, we need to bring best practices, exchange information, improve 
our skill in management and finally to establish a set of protocols or guidelines to better 
regularize ASM in the context of Asia. 
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Geo-environmental Sciences for Coastal Zone Management in 
Thailand 

Niran Chaimanee 
Department of Mineral Resources, Thailand 

Abstract 
The Thai coastline is an environment of considerable contrasts with a total length of 
2,600 kilometres (1,600 miles) bordering 23 provinces along the Gulf of Thailand and 
the Andaman Sea. Along its length it supports a large proportion of the population and 
a great variety of human activities including industry, recreation, fisheries and 
traditional culture. Research on coastal change in Thailand was carried out during the 
period 1997-2000 and included studies of physical change of the coastal area and the 
causes of geological change. The natural processes controlling the development of the 
coastal landscape are monsoon wind, waves, tides and tropical cyclones. Due to 
variation of atmospheric pressure in the tropical zone, monsoon winds are north-east 
during the October-February and southwest during the May-September monsoon 
periods respectively. 
On long stretches of the Gulf of Thailand coast, including densely populated areas, 
coastal erosion is greater than the along Andaman Sea coast. Along the Gulf of 
Thailand, a total length of 180 km of coast of 12 provinces has been severely eroded at 
a rate of over 5m per year during the last 30 years. The Andaman sea coasts have been 
severely eroded for a total of 20 km. in 5 provinces.  
A 5 years project (2005-2009) on “a strategy and action plan for coastal hazard 
mitigation and sustainable development” has bees launched by the Department of 
Mineral Resources. The general goal is to maintain the coastal profile by protecting 
both the natural processes that supply the coast with sediments and the sediment 
storage capacity.  

INTRODUCTION 

The coastal land, estuaries, and inshore waters of Thailand are rich in natural resources 
and wild life. They support a large proportion of the population and a great variety of 
human activities including industry, recreation, fisheries and traditional culture. The 
research of coastal change in Thailand was carried out during the period 1997-2000, 
focusing on the physical change to the coastal area and the causes of change. Coastal 
change, in particular coastal erosion, is a geohazard, which occurs continuously and 
shows a trend of increasing magnitude. Therefore, as a priority, the coastal erosion areas 
were identified because of the affect on the socio-economic conditions and natural 
resources of the country.  
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At present, a wide range of environmental and social degradation issues at the coast, 
such as habitat destruction, loss of fish stocks and biodiversity, pollution, economic 
decline and social deprivation, cause great concern among the related government 
agencies and the public. Geo-environmental information has been used as the basic tool 
for protecting, preserving and restoring natural ecosystems. 

THE CHARACTER OF THE THAI COAST 

The Thai coastline is an environment of considerable contrast with a total length of 2,600 
kilometres (1,600 miles). Altogether twenty three provinces have coastlines along the 
Gulf of Thailand or the Andaman Sea (Figure 1.).  

The Gulf of Thailand is a continental-shelf sea of the South China Sea. It comprises the 
territorial water of 3 bordering countries. The coastline has the shape of a horseshoe, 
extending from the Thai-Malaysian border northwards to the upper Gulf and turning 
toward the east to reach the Thai-Cambodian border. The total length of this coast is 
approximately 1,700 kms, with 17 provincial coastal areas of 320,000 km2. Many large 
rivers, which discharge into the Gulf of Thailand, have made its coasts important in 
many ways in the past and up to the present day. It is the main provider of both living 
and non-living natural resources of the country and is important for transportation within 
the region. 

The Andaman Sea is a part of Indian Ocean and separated by the Nicobar and Andaman 
Islands. The west coast of Peninsular Thailand borders the Andaman Sea and is 
characterized by an irregular shape made up of cliffs and small bays with abundant 
islands. The coastal landscapes are controlling by 2 main active geological structures, 
namely Ranong Fault and Khlong Marui Fault. The coastline from the Thai-Myanmar 
border toward Phuket lies in a north-south direction. While the coast from Phuket to the 
Thai-Malaysia border stretches to the southeast. The coast intersected by a few main 
rivers entering the Indian Ocean, which bring small amounts of sediment into the coastal 
area. Thus, the seawater is very clear and suitable for tourism. The total length of this 
coast in six Provinces is approximately 940 km, with a coastal area of 5,000 km2. 

The main coastal processes controlling the development of the coastal landscape are 
monsoon winds, waves, tides and tropical cyclones. Due to variation of atmospheric 
pressure of the tropical zone, the monsoon wind varies from north-easterly during 
October-February to south-westerly during May-September. Strong waves and storms 
generated by the northeast wind affect the Gulf of Thailand coast while heavy rain and 
cyclones occur in the Andaman Sea coast influenced by the southwest wind. The 
monsoon winds generate waves with wave height of 2-5 m in the Gulf of Thailand and 
0.3-1.5 m in the Andaman Sea. The tides can be classified as diurnal, mixed diurnal and 
mixed semidiurnal types with tidal ranges of 0.3-2.3 m in the Gulf of Thailand. The tide 
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in the Andaman Sea is dominantly semidiurnal with tidal range of 1.5-2.3 m. (Siripong, 
1985). The tropical cyclones in Thailand are mainly tropical depression types affecting 
both the Gulf of Thailand and the Andaman Sea. Typhoons are rare, with records of only 
eleven during the last 48 years (Varasai, 1999). 

 

Figure 1. Coastal areas of Thailand located along the Gulf of Thailand and  
the Andaman Sea with the total length of 2,600 kilometres 
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THE PRESENT STATUS OF THE THAI COASTLINE  

The present physical features along the coastal areas evolved under geological processes 
during Quaternary to Recent time. In Southeast Asia, climatic change during glacial-
interglacial periods caused the fluctuation of sea level and the development of the coastal 
plain. The coastal geomorphology of Thailand was characterized by beach sand and 
dunes, coastal wetland (tidal flat and marsh) and rocky or cliff coasts (Figure 2.). These 
coastal landforms indicate the invasion of the Holocene sea that reached a maximum 
height at about 6,000 yr. BP.  

The Thai coastline is about 2,600 km long covering 23 provinces with a total eroded 
coast length of 600 km. Due to the densely populated areas of long stretches of the Gulf 
of Thailand coast, coastal erosion has occurred more than along the Andaman sea coast. 
Along the Gulf of Thailand, the coastlines of twelve provinces, totalling 180km, have 
been severely eroded at the rate of over 5 meter per year during the last 30 years. The 
coastline of the Andaman Sea has been severely eroded over a total of 20 km. in five 
provinces (Sinsakul, et. al., 2001, 2002). 

The causes of coastal erosion in Thailand were related to both man-induced and natural 
factors. These factors are of differing significance along the two coastal areas. Man-
induced factors are active in the Gulf of Thailand where most of the activities have been 
involved either aquaculture or infrastructural development related to tourism and 
industry. Sediment supplies to the coastline greatly were reduced due to numerous dams 
and reservoirs in the upstream of rivers entering the Gulf of Thailand whereas the 
shortages of sediment influx to the Andaman Sea are less marked and due to limited 
reservoirs. The tropical cyclones and storm systems occurred more frequently in the Gulf 
of Thailand. However, the tectonic instability of the Andaman sea area due to the 
subduction of the Sundaland craton can result indirectly in coastal erosion such as the 
incident of Andaman Tsunami wave last year. 

In order to manage the coastline in areas prone to coastal degradation, prioritization of 
the coastal zone in Thailand is needed. Based on the erosion rate and socio-economic 
significance, the critical risk areas for coastal hazards were classified into 3 main 
categories; critical risk area, moderate risk area and slight risk areas (Figure 3.). Critical 
risk areas are located in three main coastal zones of the eastern, the inner and the western 
Gulf of Thailand and these need mitigating action within one to three years. Ten 
moderate risk coastal zone areas along the Gulf of Thailand and the Andaman sea will be 
managed within three to five years and the seventeen slight risk areas will be managed as 
the last phase of the coastal zone management plan within ten years. 
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Figure 2. The Gulf of Thailand coastal morphologic features are mainly a series of beach ridges 
and tidal flats whereas the Andaman sea coasts comprise rocky cliffs alternating with 

mangrove swamps 
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TOWARDS INTEGRATED COASTAL ZONE MANAGEMENT 

Thailand has a complex, multi-level administration comprising local, regional and 
central governments. The district councils are formed by representatives of the ministries 
and departments of the central government and administered by the government 
appointed district officer and deputies. The council is the most important body of the 
regional structure for local influence and implementation of the government 
development plan. The influence and participation of the local communities has hitherto 
been limited. 

As to legal enactment in Thailand, coastal zone management as such has been only 
indirectly known to the Thai legal system although there are a large number of individual 
laws, each of which covers an operational procedure for related ministries with concerns 
for a particular resource or topic. However, the people’s Constitution of 1997 provides a 
mandate for reform on public participation and consultation in the national development 
process. It also guarantees local participation in environmental protection and natural 
resources management (Office of Environmental Policy and Planning, 2002).  

The Department of Mineral Resources has a responsibility for non-living natural 
resources management. The coastal erosion areas were therefore identified and the risk 
areas were prioritized. The 5 years project (2005-2009) on survey and research for a 
strategy and action plan for coastal hazard mitigation and sustainable developments was 
recently launched. The general goal is to maintain the coastal profile by protecting both 
natural processes that supply the coast with sediments and the sediment storage capacity.  

The framework of proper administration was introduced in order to formulate the coastal 
management plan for sustainable development of Thailand the various levels of central, 
regional and local governments (Figure 4.). Under this management plan, action on 
coastal hazards mitigation will be the urgent initial task, while restoration or 
rehabilitation works will be the follow-up phase. The long-term monitoring, with public 
participation, will be the ultimate tool for managing coastal resources and coastal 
development of the country. 

CONCLUSIONS 

Severely eroded coasts in Thailand are mainly in upper Gulf of Thailand area while 
limited eroded areas are found in the Andaman Sea coast. The main causes of coastal 
erosion are human activities and natural processes. Coastal development projects for 
tourism and large scale economic growth have affected natural coastal processes, causing 
degradation of the natural resources and ecosystems of coastal environments. The 
decrease of sediment supply due to upstream dams and upland deterioration has caused 
imbalances in the coastal sediment budget. Climatic change during off-season has 
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affected the monsoon and the dynamics of natural coastal processes. Improper land-use 
activities along the coast and lack of planning for efficiency and potential of coastal 
resources exploitation have enhanced deterioration of the coastal environment. Lack of 
integrated planning means impact from local coastal protection structures can be the 
cause of enhanced rates of erosion in adjacent areas. 

 

Figure 3. The coastal risk areas of Thailand were classified into 3 categories, severe risk  
(red dot), moderate risk (green dot) and slight risk (blue dot) areas 
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In order to manage the coastal areas properly, The Department of Mineral Resources 
launched the 5 years research project related to strategy and action plan for coastal 
mitigation and management. The study will cover on evaluation of coastal erosion 
conditions and classify the risk zones for mitigation measures. Recommendations to 
prevent and protect coastal risk areas by mean of an integrated action plan will also be 
introduced with the inclusion of environmental friendly protection structures, both 
natural barriers and engineered designs.  

The provision of improved information on past degradation of the coast and its current 
status are the proper tools for land-use planning within the context of coastal zone 
management. The establishment of a monitoring and evaluating system of coastal 
changes and conditions will be used in a monitoring network at local, regional and 
national scales. The success of the coastal zone management plan will finally rely on 
educating and encouraging public awareness of the necessity for coastal geohazard 
mitigation, natural resources protection and restoration and properly administration of 
the management plans 

 

Figure 4. Frame-work for implementation of coastal zone management policy  
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INTRODUCTION 

The Japanese economy is one of the most developed after the Second World War. 
However, development has incurred geo-pollution, a hidden legacy and a future burden 
of debt. Between 2003 and 2004 two major geo-pollution events were identified in 
Japan. The first relates to illegal waste dumping and the second to arsenic poisoning due 
to dumping of gas weapons of the Imperial Army. These have impacted Japanese citizens 
through gradual contaminated of groundwater. 

This paper provides a brief overview of some geo-pollution and geo-environmental 
problems in Japan. It commences with a description of the legacy of geo-pollution from 
the dumpsites of the Japanese Imperial Army, which is being perpetuated by modern day 
techniques of investigation. This is followed by a summary of the asbestos crisis that is 
finally being openly discussed as reflected by a major newspaper report. The technology-
fix focus in landfill management is then articulated. Finally, the need for geological 
information in monitoring groundwater effectively, to determine the extent of pollution, 
for environmental management or for effective water resource management is 
highlighted. 

LEGACY OF GEO-POLLUTION  

The Ministry of Environment enacted the Soil Contamination Countermeasures Law to 
cope with geo-pollution problems on February 15, 2003. However, its guideline on geo-
pollution investigation and clean-up measures often results in an increase of pollution 
migration. An example of this situation relates to the incident of arsenic poisoning. The 
Japanese Government investigated dumpsites of the Imperial Army for arsenic poisoning 
due to gas weapon materials after they identified some victims of arsenic groundwater 
contamination. They investigated the weapon production sites, storage areas and 
dumpsites. They also studied methods of weapons gas discovery, minesweeping and its 
disposal.  
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In the Kamisu-city Ibaraki Prefecture, outbreaks of nervous system diseases, debility and 
cancer have been observed in certain groups consuming well water contaminated by 
arsenic from disposal sites used for discarding arsenic gas weapons, which consists of 
concrete man-made strata mixed with chemical material (DPAA) (Nirei et al., 2004). 

The geo-pollution investigation on arsenic contamination was in accordance with the 
regulations of Soil Contamination Countermeasures Law (enacted Feb. 15, 2003) and the 
Ministry of Environment did the investigation. Unfortunately, there were some defects in 
the sampling of soil and groundwater. 

The regulatory method specifies automatic sampling over one-meter in depth regardless 
of the area of actual contamination. It is suspected that samples of hot spots may not be 
taken. Without detailed inspection and contemplation on the extent of the contaminated 
area the drilling will be on-going deeper and deeper. If it continues, the undiscovered 
hidden contamination may migrate downwards according to the penetration of drilling 
rod and the depth of the hole. 

Furthermore, the regulatory method requires that the screen be located entirely on a 
monitoring well pipe. As a result groundwater from different aquifers may be mixed up 
by the screened wells. Furthermore, the pipe may bypass the groundwater from a 
contaminated aquifer. Monitoring wells having screens can contaminate all the 
permeable layers. Aquifer layer units and confining layers should be carefully identified 
in advance and a unit-base screen set should be placed to prevent further contamination. 
This downward man-made migration of arsenic contaminated groundwater has occurred 
in Kamisu-city. Such legally instituted regulations of investigation methods may cause 
further problems all over Japan. 

THE ASBESTOS CRISIS 

The asbestos problem in Japan is a serious one but its recognition by the administration 
is protracted. The Asahi Shinbun News paper article of July 23, 2005 highlighted the 
situation and this bears repeating as follows: 

“The magnitude of the crisis over asbestos-related deaths and health problems is 
becoming clearer by the day. We now know that the former Ministry of Labor issued a 
directive in 1976 that warned of health hazards to residents living near asbestos plants 
and recommended health checks. No effective countermeasures were taken, however. 
This surely suggests administrative negligence.  When microscopic asbestos fibers are 
inhaled, they remain lodged in lung tissue for a long time. This is believed to cause 
lung cancer or mesothelioma. Any factory worker who develops any of these symptoms 
should be designated as a victim of a work-related accident. For residents whose 
health was ruined as a result of their proximity to asbestos fibers, this surely amounts 
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to environmental pollution. As it happens, asbestos is rarely linked to mesothelioma 
sufferers among the general public. Few doctors, if any, would even think to ask their 
patients, "Do you recall inhaling asbestos?"  It was against this background that a 
shocking report emerged of 30 or so people who lived around Kubota Corporation's 
former factory in Amagasaki city, Hyogo Prefecture, and may have died of 
mesothelioma. The report suggests this was a case of environmental pollution causing 
extensive health problems to the local population.  

The Environment Ministry is still reluctant to recognize this as a case of environmental 
pollution. However, the law is clear on this point. It says "extensive pollution over a 
wide area" constitutes environmental pollution. The ministry maintains that not only 
does the Kubota case fail to meet this condition, but it is also impossible to assess the 
actual extent of pollution that occurred 30 to 40 years ago. We can appreciate the 
difficulty of applying the traditional definition of environmental pollution to asbestos-
related health damage. Still, it is surely the responsibility of environmental 
administrators to regard this case as a new type of environmental pollution and work 
out ways to help victims rather than disqualify them for relief. Even for those who were 
stricken with asbestos-related illnesses because of their work environment, it is not 
easy to qualify for workers' accident compensation. Despite the fact that asbestos is 
known to be the most obvious cause of mesothelioma, only about 5 percent of 
mesothelioma sufferers have been recognized as workplace accident victims.  

There are a number of reasons for this. For one, many doctors know little about 
asbestos-related illnesses. Another is that the closure of old factories has prevented 
former workers from proving their claims of past job descriptions. Even so, the 
government would be utterly wrong to deny relief to victims whose lives have taken a 
harsh downturn through no fault of their own. We can only shudder in horror at a 
health damage prediction issued by Takehiko Murayama, a Waseda University 
professor. Over a period of 40 years from 2000, Murayama estimates Japan's 
mesothelioma fatalities could exceed 100,000. In the United States, where companies 
keep going bankrupt under the sheer financial burden of damages payment, there is a 
move by asbestos-related industries and insurance companies to fund victim-relief 
foundations. It is time for Japan, too, to establish a long-term relief system that looks 
to half a century ahead. At the same time, examining the nation's past asbestos policy 
is another urgent task. The government banned the spraying of asbestos in 1975, but it 
took another 20 years for the government to outlaw the use of blue asbestos, the most 
hazardous kind of asbestos. In 1975, a cumulative total of 3.8 million tons of asbestos 
was in use in Japan. Today, the figure is 10 million tons. It means that an additional 6 
million tons were being used around the nation even after the material's health 
hazards became known. How could this have happened? We insist that administrative 
accountability be clarified 

 (The Asahi Shimbun, July 22 & IHT/Asahi, July 23, 2005). 
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LANDFILLS AND GROUNDWATER FLOW SYSTEMS  

Landfill technology in Japan centres on seeking engineering solutions with focus on 
developing effective linings of rubber sheet and shields of concrete. There is a myth that 
leakages will not happen and that these are permanent long-term solutions. Recently 
there have been reports of leakages of leachate from shields underlying landfill materials 
in certain sites. Unfortunately, this has only served to emphasise the need for increased 
technical and engineering solutions on how to develop a shield that would not leak 
(Figure 1). 

 

Figure 1. Three types of landfill disposal sites in Japan 
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Waste disposal treatment technical–engineers should take into account the geological 
environment including the hydrostratigraphic units such as aquifers characteristics, 
impermeable layers and impermeable basements, which play an important role in 
ensuring the sustainability of disposal sites. There are many cases where landfills and 
disposal sites are located upstream of drainage basins. In such a cases, when the lining 
fails and leakage occurs, the impact is very negative (Owaki et al., 2006).  

There are a few observation wells in the current landfill disposal sites. However, the 
observation well system is established without considering the hydrostratigraphic units. 
In many cases the sites are installed without taking into account geo-environmental 
conditions, e.g. groundwater basin and groundwater flow system. Even if an observation 
well is installed both upstream and downstream, leachate from disposal sites is not 
detected in many cases. Furthermore, two observation wells are not sufficient to provide 
a profile of the groundwater flow system, particularly if such observation wells were 
installed without investigation of the aquifer and groundwater flow system in the first 
instance. Observation wells should be installed in relation to the groundwater flow 
system to be effective, and the geological environmental point of view should be taken 
into account for successful geo-pollution control around the sites. 

IMPORTANT ROLE OF ENVIRONMENTAL GEOLOGICAL MONITORING 

There are several aspects that can be improved where the state of environmental 
monitoring in Japan is concerned. These include improved scientific prediction 
(including computer simulation) and inspection by monitoring, the need for information-
based political decision-making to use geological environmental resources effectively, 
and a more comprehensive long-term monitoring plan. The development of a monitoring 
plan that includes appropriate geological content and effective enforcement is important. 
There are many cases where the installation or removal of monitoring stations is decided 
in a rush without addressing the problem in a holistic manner. There is a danger in this 
type of approach because critical background elements that are geological in nature tend 
to be ignored. 

One example of this situation relates to the monitoring stations of the Kanto groundwater 
basin. A major part of the Kanto region including the Japanese capital of Tokyo, overlies 
the Kanto groundwater basin. About 500 monitoring wells have been installed that 
measures groundwater level in this area. The quality of ground water is measured in 
some of the wells. In addition, here, precise levelling (about 7000 benchmarks, about 
5000 km) including some low land, land partly under sea level, allows for the monitoring 
of annual land subsidence and elevation change of land surface. Groundwater use is 
controlled based on the monitoring data and as a result, land subsidence has declined.  
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Sustainable use of ground water is possible through this detailed scale monitoring, which 
is the only one of its kind in the world (Furuno et al. 1994). Continuous monitoring is 
very important and significant when planning future utilisation of groundwater resources 
in the Kanto region.  

However, the decrease in land subsidence has brought about some policy decisions that 
tend to deny the effectiveness of these monitoring institutions. As the monitoring stations 
have been used effectively for carrying out appropriate prediction since their instalment, 
environmental geologists insist that it is possible for groundwater resources to supply 
more economic and healthy water compared to the use of surface water, which is now 
being pushed forward by some politicians. 

There are many types of geo-environment problems present in this area. These include 
levels of arsenic, fluorine and boron that exceed the environmental standards in natural 
strata and groundwater adjacent to marine areas (Yoshida et al., 2005), the presence of 
asbestos, poisonous gases in volcanic zones, relatively high ambient radioactivity levels 
in the ground, the potential of liquefaction due to an earthquake, land subsidence in low 
lying areas and geo-pollution, among others. In monitoring the elements related to each 
problem it is necessary to use every geological feature effectively. Such geological 
features become even more critical in the investigation and monitoring of health impacts 
on the population. In this context, the information that can be obtained from the 
groundwater monitoring stations is critical. 
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INTRODUCTION 

The need for stepping up environmental geoscientific work in Africa during the 2004 / 
2005 period was strongly revealed, mainly as a result of the devastating Asian Tsunamis 
of December, 2004. In most African countries, however, there is still the absence of 
suitable infrastructure for this kind of work to be effectively carried out. Factors such as 
the lack of appropriate technology, the absence of a strong maintenance culture for field 
and laboratory equipment and paucity of competent technicians are compounded by the 
constant power interruptions, especially in the West African countries. These factors 
make for inadequately trained personnel, unsuitable for carrying out pertinent 
environmental surveys, prepare accurate reports, as well as draw up tangible 
recommendations for remedial actions by the relevant authorities. The most pressing 
geoenvironmental issues and problems to emerge during the period under review were 
geohazards, air pollution, mismanagement of oil revenues and environmental impacts 
from oil and other natural resources exploration and exploitation, water scarcity and 
pollution and waste management. Among the many organizations working to address the 
present situation are, the UNESCO Regional Office for Africa and the International 
Institute for Geoinformation Science and Earth Observation (ITC) of the Netherlands, 
which also seek specifically to act as centres for the execution of programmes to develop 
capacity building among African geoscientists.   

GEOHAZARDS 

On December 26, 2004, a submarine earthquake of magnitude 8.9 on the Richter scale, 
off the western shores of the Indonesian Island of Sumatra triggered giant seismic sea 
waves (Tsunamis) that travelled thousands of kilometres in the Indian Ocean. The waves 
caused untold destruction and loss of over 200,000 lives as they battered beaches and 
swamped coastal resorts in Sri Lanka, India, Indonesia, Thailand, Malaysia, the 
Seychelles, and Somalia and Kenya on the East African coast.  

At about the same time (Christmas, 2004) Malawi was trying to cope with a precipitous 
deluge related to the flood-drought cycle that is now so characteristic of the East and 
Southern Africa climatic regime. Prior to this event, Central African Republic and a few 
other countries on the continent reported flash floods and accompanying landslides.  
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This scenario continued into the year 2005. Swaziland experienced a devastating storm 
on 23 January, 2005, following heavy rains. The storm caused significant damage, 
destroying houses, household effects, crops and food items. 145 houses in Shiselweni 
and 85 in Manzini were without adequate shelter, clothing and food. Some schools were 
also destroyed.  

After continuous heavy rainfall over a forty-eight hour period, the Wabe Shabelle River 
flooded over its banks, washing away about 35 villages in the Somali region of Ethiopia 
on 23 April 2005. Flooding affected the zone of Gode, including West and East Imi. Over 
forty people died in the disaster and many others remain missing. The emergency 
response was hindered as roads leading to the area were under water and impassable. 
Many people lost both their houses and their crops in the flood, increasing food 
insecurity and economic hardship in a region suffering from prolonged drought 
conditions. Areas of the Somali region continue to remain at risk due to the rising river 
level.  

On 24 April 2005, a dry riverbed running through the city of Hargeisa in Somalia 
flooded, washing down one of the two bridges in the south-western part of the city and 
causing damage to the electrical power lines and the buildings by the river. One hundred 
and seventy households were affected. 

On August 12, 2005, floods caused by heavy rains again left around 20,000 people in 
Central African Republic homeless, forcing many to seek shelter with relatives or even 
sleep under trees, the communications ministry said. The start of this year's rainy season 
has particularly affected crowded districts of the capital Bangui, where around 3 000 
poorly constructed houses crumbled. 

The above case histories illustrate the need to continuously address the problems posed 
by geohazards in Africa, largely through monitoring, improvement of early warning 
systems and education. As yet, despite all the efforts made at addressing the problems, 
factors of poor infrastructural development, poverty (Figure. 1) and the need to address 
apparently more urgent issues (in the eyes of policy makers and other stakeholders) such 
as the HIV aids pandemic, continue to militate against any significant progress in this 
field.  

In many African countries some basic information for disaster reduction (technical 
studies, geographical data, etc) usually exists, but is not readily available to local 
authorities and other stakeholders. The information is also seldom available in a form 
that facilitates decision-making. With the use of geographic information systems (GIS) 
and remote sensing (RS) the possible effects of geohazards like floods, drought, 
earthquakes, landslides and volcanic eruptions on buildings, population and 
infrastructure can be modelled and made visible in a spatial and interactive manner. 
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Simple, low-cost GIS would allow local authorities to properly plan the development of 
areas under their jurisdiction, and incorporate the local knowledge together with 
modelling results from experts. To achieve this, professionals in Africa need to be trained 
in the application of GIS and remote sensing for disaster reduction.    

 

 

Figure 1. GNI per capita, 2001 
(Source: World Bank data and statistics, 2004) 

AIR POLLUTION  

A cursory survey of major diseases on the continent will reveal that respiratory 
impairment from the four main sources of air pollution (industrialization, vehicular fuel 
combustion, domestic pollution and tobacco smoking) is a major but highly neglected 
problem on the African continent.  

 Africa has the highest rate of urbanization in the world (Figure 2). This, alongside the 
absence of regulation precluding the use of dirty fuels, a sharp rise in the importation of 
often older model cars and out-dated, inefficient industrial plants, is increasing levels of 
air pollution. A study of transport sector in Senegal, found that the health costs associated 
with vehicle emissions accounted for a significant part of that country’s Gross Domestic 
Product (World Bank data and statistics, 2004).  

The number of motor vehicles, many of which are of the older generation, has nearly 
doubled in the past 10 to 15 years. In Uganda, the number of vehicles has quadrupled 
since 1971. Older cars emit up to 20 times more pollution than newer ones (UNEP Press 
Release, July 4, 2002). 

Another major and growing source of air pollution across Africa stems from the use of 
fossil fuels in the power generation and smelting industries. In Northern Africa, in places 
where there are refineries and coal power stations, many cities experience levels of 
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sulphur dioxide double the World Health Organization's standard. In South Africa, one of 
the most industrialized countries in Africa, impacts of acid rain have already been 
reported on forests, crops and surface waters. 

 

Urban populations (millions) by sub-
region: Africa 

Urbanization level (%): Africa 

Figure 2. Graph above shows growth of urban populations in the African subregions since 1972; 
the map shows current level of urbanization as a percentage of total population 

(Source: compiled from United Nations Population Division 2001) 

 

 

Figure 3. Carbon dioxide emission, 1999 
(Source: World Bank data and statistics, 2004) 
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The use of wood as a fuel is known to increase the health risks for women and children 
in the home. In Tanzania, for example, children under five who die from acute 
respiratory infections are three times more likely to have been exposed to the burning of 
such fuels. 

A few African countries have brought in air quality standards and regulations to control 
pollution, although currently lack of resources makes enforcement difficult. In countries 
such as Nigeria, no such regulations exist as yet and the problem is still a very serious 
one, compounded by the addition of dust particles from the seasonal Saharan dust storm. 
In Senegal, tighter controls on the importation of cars from abroad, including a 
requirement that they are not older than five years, has been proposed and could be a 
blueprint for other African countries.  

Renewable energy schemes, such as wind, solar and waste-into-energy projects are 
starting to be introduced in some countries such as Algeria, Morocco and Mauritius. 
Egypt has introduced unleaded petrol and South Africa has signed the United Nations 
Motor Vehicle Emissions Agreement (UNEP Press Release, July 4, 2002).  

WATER MANAGEMENT ISSUES 

The provision of drinking water for all Africans that is clean and safe to drink is still, 
unfortunately a distant dream. According to Africa Environmental Outlook published by 
UNEP ahead of the World Summit on Sustainable Development late August, 2002 in 
Johannesburg, the continent’s share of global freshwater resources is about 9 percent 
(Figure 4). These freshwater resources are distributed unevenly across Africa, with 
western Africa and central Africa having significantly greater precipitation than northern 
Africa, the Horn of Africa and southern Africa. 

The wettest country, the Democratic Republic of Congo, has nearly 25 percent of 
average annual internal renewable water resources in Africa. By contrast, the driest 
country, Mauritania, has just 0.01 percent of Africa’s total. Average water availability per 
person in Africa is 5,720 cubic metres per capita per year compared with a global 
average of 7,000 cubic metres, but there are large disparities between sub-regions (World 
Bank data and statistics, 2004). 

Despite the numerous conferences and other efforts to address the subject of water 
scarcity and pollution, death rates resulting from poor hygiene and disease from 
contaminated water are still very high, and as yet there is little agreement between 
African countries on the equitable share of water resources. 
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Effective protection of Africa’s rivers, lakes, wetlands, aquifers and coastal and ocean 
waters that will sustain fish, plants and wildlife as well as recreational, subsistence and 
economic activities is essential. Watersheds and their aquatic ecosystems should be 
restored and protected to improve public health, enhance water quality, reduce flooding 
and provide habitat for wildlife. 

 

 

Figure 4. Freshwater resources per capita, 2000  
(Source: World Bank data and statistics, 2004) 

ENERGY AND OTHER NATURAL RESOURCES 

Some of the oil giants of Africa such as Nigeria and Gabon have managed to live without 
harnessing the full benefits of this precious commodity. Sub-Saharan Africa consumes 
2.7 % of the world commercial energy. It has 2 % of world proven oil reserves, 6 % of 
world proven gas reserves and 6 % of world proven coal reserves 
(http://www.enda.sn/energie/plaq-gb.htm) (Table 1).  

There is also a large hydropower potential, in excess of 1,100 TWh. Other reserves 
include uranium deposits and a consistently high level of solar radiation. Yet, the 
continent is plagued with energy problems. Two energy issues dominate the sub-
continent as a whole: its over-dependence on low quality, traditional fuel, i.e., fuel-wood 
(contributes to desertification (Figure 5), and its over-reliance on imported commercial 
fuel. What makes the energy problem particularly intriguing is that although the 
continent is rich in resources, the majority of the population does not have access to 
them. Electricity consumption in industrialized countries is 150 times higher than in 
Africa (Figure 6). 
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Table 1. Africa in a Global Context 

  Total % of Global

Land area 30 335 000 sq km 15 

Population 779 million 13.4 

GNP US $ 530 bn 2.0 

GNP(PPP) US $1,7 trillion 3.8 

GNP per capita US $ 2,399 15.0 

Oil reserves 10,122 mt 7.1 

Gas reserves 11.4 trillion m3 7.5 

Bituminous coal reserves 55,000 mt 10.6 

Uranium reserves (<US$130/kg) 613 kt 18.7 

Hydroelectric capacity (technically exploitable) > 1,888 TWh/yr 13.0 

Commercial energy consumption   3.0 

Sources: United Nations, 2001 WEC Survey of Energy Resources, Times Atlas 

 

 

Figure 5. Oil, gas and coal dynamics in Africa 
(Source: World Bank data and statistics, 2004) 
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Figure 6. Africa – energy consumption patterns 
(Source: World Bank data and statistics, 2004) 

 

By way of a specific example, Nigeria, the sixth or seventh largest exporter of crude oil 
and natural gas, the is unable to provide the requirements of a reliable central power 
generating system, with untold consequences to its economy and intellectual 
productivity. The country’s potential wealth is not translated to prosperity for its 
population. Another bane of the oil industry in Nigeria and other African producers is the 
tremendous environmental impacts associated with oil and gas exploration and 
exploitation. A similar situation exists for solid minerals, further discoveries of which 
seem likely in a region still relatively under-explored. 

Ensuring proper development of African energy systems, especially with a view to 
alleviating their potential effects on the environment, depends on the culturally and 
economically appropriate application of scientific and technical innovation. For example, 
perhaps the single most powerful and accessible energy source, with negligible 
environmental effects in Sahelian Africa is solar insolation, but its exploitation has been 
retarded by the slow technological progress in the field. Currently, most solar devices are 
beyond the economic reach of the continent, and not remotely energy-efficient enough, 
while, for various reasons, technology transfer between the North and the South remains 
limited at best. Exploitation of the enormous hydroelectric potential is constrained by the 
enormous capital requirements and environmental and social concerns generated by 
inappropriate dam-building throughout the continent. 
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WASTE MANAGEMENT 

There is a great need in several African countries for proper storage, treatment and 
disposal of all types of wastes in order to prevent harm to people, and to the natural 
environment. A serious problem that is not obvious to the layman is the pollution of 
groundwater (boreholes and wells) from leachates from open waste dumps. Most African 
cities and towns presently lack sustainable central waste management centres.  

 

Figure 7. Logo of the Institute of Waste management of Southern Africa 

 

In South Africa, urban areas generate approximately 15 million tons of solid waste 
annually and 800,000 tons of liquid waste are disposed of each year as run-off into 
freshwater systems and the sea; and only 10 percent of waste disposal sites are licensed 
(Sunday Times; www.btimes.co.za). Yet, South Africa appears to be the leader in Africa 
with regard to progress in handling waste management issues (Figure. 7). It already has 
in place a ‘National Waste Management Strategies and Action Plans’ since September, 
1999 and recently organized a ‘Cleanest Town Competition’ with the aim of changing 
attitudes through awareness raising and education on waste-related issues. Anna Mason 
of Colorado Springs, USA is currently undertaking a waste management project in 
Cameroon to increase revenue and improve environmental conditions. 
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ADRESSING THE ISSUES 

Environmental Impact Assessment 

In spite of the many problems outlined with respect to mineral exploration, exploitation 
and processing, inadequate waste disposal policies and air and water pollution, many 
African countries have avidly embarked on a vigorous campaign to ensure environmental 
integrity and sustainability. In 2004, the National Environmental Management Secretariat 
of Kenya promulgated an act that requires all medium and large scale enterprises to 
conduct and present a complete environmental impact assessment before their operations 
can be allowed to continue. A similar institution in Uganda is also working in a similar 
direction. This year (2005), the United Nations Development Programme in 
collaboration with the Federal Ministry of Environment of Nigeria embarked on a 
mission to internalize that country’s environmental conventions and to sustainably 
manage its land degradation and urban environment. 

ITC has been involved in training activities dealing with GIS and RS for several aspects 
of disaster management, e.g. in training professionals at M.Sc. and Ph.D. levels and in 
the organization of special courses in the region. It also has established close contacts 
with several universities in the region, e.g., the University College of Lands and 
Architectural Studies (UCLAS), Tanzania, on urban applications, the National University 
of Rwanda on land administration and urban planning, RECTAS, Ile Ife, Nigeria on 
geoinformatics, the Polytechnic of Namibia, Windhoek, on land administration and 
management, the University of Zimbabwe, Harare, on environmental policy and 
planning, the University of Natal, South Africa, on land administration and management 
and the Kwame Nkrumah University of Science and Technology, Ghana, on geo-
information science and natural resources management.   

The UNESCO Nairobi Field Office has for some years now been promoting resource 
development, environmental protection and land-use planning, including waste disposal 
and natural disaster reduction. This institution’s role continues to include coordination 
and implementation of co-sponsored geoscientific projects in Africa, as well as to act as a 
forum for discussions and exchange of ideas in this field. 

EIS-Africa is an institution dedicated to the improvement in the management, analysis 
and application of information relevant to the environment to enrich policy debate and 
support decision-making relating to the process of sustainable development and 
increasing the well-being of the African people. Web site: www.eis-africa.org/   

The African Centre for Disaster Studies (ACDS), http://acds.co.za, was established in 
January, 2002 at the North-West University, South Africa with the aim of addressing the 
need for world-class training, education and research in disaster related activities within 
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southern Africa and the wider African context. Similarly, the University of Cape Town 
also offers a Masters Programme in Disaster Risk Science, 
http://www.egs.uct.ac.za/courses/new mphil drs.html 

CONCLUSION  

Reduction of loss of life and property inflicted by geohazards in Africa can be brought 
about by increasing capacity of Universities and training institutions to provide 
academically qualified staff that are able to apply new technology, such as GIS and RS 
for hazard and risk assessment and management in risk reduction measures in 
government and non-governmental organizations. Presently, however, the management 
infrastructure that will set and implement the highest-quality standards for effective 
national environmental management and fiscal responsibility is absent in most African 
countries.  

There is need for concerted efforts on the part of African governments, health 
administrators and health workers to ensure that necessary attention is given to the 
subject of air pollution, so that meaningful control measures can be formulated, thereby 
ensuring clean air for the people to breathe. 

Pollution prevention and risk management strategies aimed at cost-effectively 
eliminating, reducing or minimizing emissions and contamination will result in cleaner 
and safer environments in which all Africans can reside, work and enjoy life. Previously 
polluted sites must be cleaned up, restored to uses appropriate for surrounding 
communities, and municipal authorities should respond to and prevent waste-related or 
industrial accidents. We need to safeguard ecosystems and promote the health of natural 
communities that are integral to the quality of life on the continent. 

REFERENCES 

Tanimomo, M.O., 2000. Air pollution and respiratory health in Africa: a Review. East 
African Medical Journal, 77 (2), 71 75. 

World Bank, 2004. World Bank data and statistics, 2004. www.worldbank.org/data 

 

 

 




