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Foreword

The mitigation method for reducing the effects of the main
natural hazards of the European Alps—torrent disasters and snow
avalanches is the “Forest Technical System for Torrent and
Avalanche Control”. This entails complex and comprehensive
methods which contain hazard mapping for avoiding hazards,
measures for regulating the catchment area (watershed management)
and technical control works (correction of torrents, check dams,
debris sorting dams, debris retention dams, draining of slipping
slopes) . These complex and comprehensive methods have been well
developed in Austria during the last 115 years by a governmental
organization named “Forest Technical Service of Torrent and
..valanche Control”. Hazard mapping is used in Austria since the
early seventies, and a law to regulate hazard mapping was applied in
1975. Waming as a mitigation measure is used against snow
avalanche danger in skiing areas. In the Alpine region systems using
automatic meteorological stations and compuiter assistance are well
developed and are used by special avalanche experts.

Alarming and warning technology for slope failure and debris
flow is well developed in Japan and China but in Europe it is hardly
applied. In Europe the development of alarming technology or
waming systems for slope failure, landslides or debris flow is just
beginning. A big disaster—a high speed train was derailed when it
was hit by a debris flow and three people were killed—was the
beginning for this development for highways and railroads. The
University of Agricultural Science—Vienna is a center for this



ii

development in Austria.

The goal of this book was two fold: Firstly to collect alarming
and waming technology and methods used mainly in China, Japan
and other parts of the world for mitigation of slope failure, and
secondly to develop a framework for applying these methods in
developing and developed countries.

The findings of the book regarding alarming tools are very
helpful for the development of alarming systems in Austria. The
warning systems are adaptable for different purposes and
technological development and are in this sense useful for any
society.

A main point of the book was also the practical aspect of the
work and therefore the designing of a real example-plan. The city of
Baoji in the Shaanxi Province of the P.R.China was selected for this
purpose. In co-operation with the Technical University of Vienna—
Univ. Prof. Bruckl Ewald—it was possible to survey a big landslide
and develop a plan for the warning system for this city.

At this point I would like to thank Dr.Geng Dayu and Prof.
Bruckl Ewald for the excellent and fruitful co-operation and the
valuable results.

Wolfgang Weinmeister
Vienna, 2001-10-25
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Preface

Being a scientist on hazard mitigation in China, [ was fortunate
to get support from Austria Academy Exchange Service (OAD) to
carry out a research project “ Study on the Countermeasures Against
Environmental Geological Hazards in Urban Area” in 1995. My
supervisor, Professor HW. Weinmeister, the former leader of the
Institute of Forest and Mountain Risk Engineering (Institute of
Torrent and Avalanche Control, WLS), University of Bondenkultur,
Vienna, kindly invited me to carry out the study in his institute. As
my project was under a very large topic, I concentrated on a small
part of it, i.e. to focus on concrete “Countermeasure” and concrete
* Hazard”. In this regard, Professor Weinmeister suggested me to
take the waming systems for slope hazard and as I know that
Professor Weinmeister’s institute is experienced in slope hazard
mitigation with honour in Europe. And the wamning system is really a
cure for many kinds of hazards in the world. However, being a
geophysist, I hoped that my work should use the technology of
environmental engineering geophysics. Fortunately, I joined the
Project IDNDR 12, “ Cause and Effect—Model of Large Landslide”,
of Professor Brueckl Ewald, leader of the Section of Geophysics,
Vienna University of Technology, supported by Academy of Austria
in 1997. In the next year, | was luckily selected as a member of
“Chun-Hui” project to solve the environmental problems in Three
Gorges area Yangtze River, Chongging City. Encouraged by the
Ministry of Education of China and local governments, the
cooperative relation between my Austria colleagues and Chinese
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colleagues was set up. Some cooperative projects were as follows:
“Physical modeling study of the stability of slopes under the effect of
reservoir fluctuation and rainstorm in Three Gorges area”;
“Numerical simulation of the effect of reservoir fluctuation on
stability of slope and instability prediction”; “Slope stability active
monitoring based on piezo-electric sensitive array”; “Remote sensing
and date transmission with internet for landslide monitoring in Three
Gorges”; “Reservoir caused landslide hazard mitigation by
environmental geophysical methods in Three Gorges”; “Geophysical
research Baoji landslide”; “Unitary model both of hazard control and
development functions in urban regions nearby Three Gorges
reservoir” and “Application of engineering geophysics in geological
hazard investigation”.

The book in your hand is based on the research of the projects
mentioned above. The main idea of the book is that the model of
broad sense warning system is really different from a piece of
equipment of alarming or warning. It is associated with the whole
society of the region threatened by hazard, rather than with a small
group of people or some kinds of vehicles. In fact, [’ve have found
some examples in China, Japan, Italy and USA which are similar to
this model. However, to some extent, they have the characteristics of
their own. I hope that people may get some idea to modify their
warning system from the general complete model of the broad sense
warning system discussed in this book. As those projects still not
finished, some detail of related data can hardly be collected and
shown. Therefore, this research built up a model of study, rather than
a practical engineering method.

It is clear that natural disasters lead to great losses to lives and
properties in the world and become the major factors hampering the
sustainable development of economy. In this book severe situation of
slope hazards (landslides, debris flows and rock falls) is overviewed.



xiii

The worldwide development of natural hazard waming system is
summarized, including the relative achievements on slope hazard
reduction in China. To strengthen the ability of natural hazard
prevention, the model of broad sense warning system is developed,
based on the practices of slope hazard mitigation. The system is
shown with some advanced examples of slope hazards warning
system in different countries. It has been shown that the regional
broad sense warning system against slope hazards is an engineering
system including scientific and technological countermeasures
(“bard” countermeasures) and municipal administration as well as
public education (“soft” countermeasures). It needs a special
department of the local government which is in charge of
recognizing the potential of forth-coming hazards, managing the
financial support, coordinating activities of the “soft” and “hard”
countermeasures, setting up and promulgating primary codes and
education programs and carrying out hazard mitigation in case of
emergency. A complete broad sense warning system consists of four
subsystems and a central database. Detection subsystem includes
monitoring section, assessing section and prediction section.
Management subsystem includes interpret section, decision-making
section and modification section. Response subsystem includes
disaster response channels, individual response and public response.
Feedback subsystem includes real-time data section, comparison
section and feedback section. Central database is the heart of the
warning system, carrying on all tasks of data processing, stability
analysis, hazard assessment and prediction.

The application of hi-tech., including GPS and RS (remote
sense) for monitoring, GIS for mapping, etc., will make the real-time
detective subsystem feasible. Some sensors for different natural
hazard processes are described. The applications of environmental
engineering geophysics are functional and economical for the
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potential slope hazards investigation and for the estimation of the
environmental limitation. Meteorological, hydrological and
seismological studies can be used for estimation of the antecedent
and threshold of the events. Special training programs should be
developed to give people different levels of education. That will be
of importance for management subsystem and for response system.
The feedback subsystem equipped with hi-tech. methods should
become an essential part of the warning system.

In this warning system, not only modern advanced technology
with automatic instruments but also traditional experiences with
simple methods of local inhabitants are used in the regional
monitoring and warning. Scientists, engineers, government officials
and local residents should all together take part in hazard mitigation.
Therefore, the result of hazard reduction will be better than any other
kind of warning methods. In other words, as the broad sense warning
system needs the activities and cooperation of the whole community,
and the functioning of the broad sense warning system will benefit
the whole community in return. From some local hazard reduction
expeﬁenceé, it is clearly shown that the self- rescue and rescue-each-
other by local residents in emergency are very efficient when the
warning system applied. The functioning of the broad sense warning
system will bring economic benefit and social benefit to the society.
It is proved to be among the most efficient scientific methods
backing the worldwide recognized notion of sustainable development,
which means a kind of economic development well planned and
controlled, leaving as little negative effect as possible to the living
environment of man-kind and without possibilities to be stopped by
itself. In fact, it is really the cure to the man-induced hazards,
including slope hazards. The practice of the system in China serves
as a good example for developing countries.

This work was carried out at the Institute of Forest and
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Mountain Risk Engineering (former Institute of Torrent and
Avalanche Control, WLS), University of Bondenkultur, Vienna, and
the Dept. of Geophysics, Vienna University of Technology. The
funding was made available firstly by Austria Academy Exchange
Survive (OAD), then by the two institutes mentioned above and
Earthquake Engineering Institute of Shaanxi Province, Seismological
Bureau of Shaanxi Province, P. R. China.

First of all, I would like to thank Austria Academy Exchange
Survive (OAD), who gave me a chance to begin my advanced study
as a guest scientist in this field. Meanwhile, I would like to express
my sincere acknowledgement to Science and Technology Committee
of Shaanxi Province, P.R. China who supported me with the research
project “The Application of Environmental Engineering Geophysics
in Geological Hazard Mitigation since 1999. This book used part of
the result of that project.

I would like to give my special appreciation to Prof. H. W.
Weinmeister, head of WLS, University of Bondenkultur, Vienna and
Prof. Bruckl Ewald, head of the Dept. of Geophysics, Vienna
University of Technology. Without their help, advice and support, the
work would not be possible.

I am grateful to my Austria colleagues of the two universities,
who have helped me a lot to keep my work going on smoothly.

Particular mention must be made to the colleagues in USA,
Japan, Austria and China, from whom some data used in my work
are collected, e.g. USGS hazard information database, Tottoti
University of Japan, the research groups of China-Austria
Cooperative Landslide Research Project in Baoji and Slope Hazard
Mitigation Research Projects in Chongqing, Three Gorges Reservoir
Area.

I also want to extend my gratitude to my University—The
Huaihai Institute of Technology who offered substantial supports to
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me during the whole process of publication.

Geng Dayu
Huaihai Institute of Technology
Lianyungang, 2001-10-1
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