
International  Project 

 
  
GEODYNAMIC  MONITORING  AND HAZARD EARLY 
WARNING SYSTEM IN LANDSLIDE AREAS: GEODYN 

 
 
The project’s mission is to create an effective technology for monitoring and early warning of 
people about the danger of a landslide on the example of landslides in Azerbaijan and Turkey, 
reducing thereby the risk to potential victims and other negative consequences of landslides 
affecting cities and high-risk industrial facilities (main highways and railways, dams, fuel 
storages and warehouses for toxic substances, petrochemical plants, etc.).  
 
The main objectives of the project are:  
 
• Creating a system of real-time geodynamic monitoring and early warning of landslide danger 
(GLAMS);  
• Developing theoretical principles and methodology of GLAMS application to control different 
types of landslides;  
• Creating on the basis of GLAMS application in Turkey and Azerbaijan the international 
network of geodynamic monitoring and early warning in real-time with the possibility of 
including new members from other countries into the network (IGLAMS);  
• Creating and launching an interactive website for interactive remote monitoring, data analysis 
and early warning in real time about a landslide hazard for members (users) of the international 
IGLAMS network;  
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• Creating special GeoDyn stations for autonomous wireless remote monitoring and early 
warning of a landslide danger using the optimal set of sensors and feedback to control GLAMS 
parameters and test all its elements;  
• Creating a maximally effective security system to protect the GeoDyn stations from possible 
theft and vandalism;  
• Creating a sustainable and reliable energy supply and communication system of the GeoDyn 
stations, able to withstand harsh environmental factors: rainfall, storms, damage during landslide 
movement, damage from falling rocks and debris, etc.  
In formulating the mission and objectives of the project, we have taken into consideration 
«Guidelines for landslide monitoring and early warning systems in Europe – Design and 
required technology» (Grant Agreement No.: 226479; SafeLand. 7th Framework Programme 
Cooperation Theme 6 Environment (including climate change); Sub-Activity 6.1.3 Natural 
Hazards. Deliverable/Work Package Leader: ICG/GSA Revision: No. 1March, 2012.  
The project objectives are in line with NATO policy on providing people’s security and reducing 
human victims and damage during natural and human-made hazards, landslides in particular.  
Landslides represent a major geologic hazard because they are widely distributed in many 
countries around the world. Expansion of urban and recreational development into hilly regions 
leads to an increase in the number of people who are exposed to the risk of landslides.  
 
Landslide types: We use the USGS classification.  
There are four main types of landslides: slides, topples, rock falls, and debris flows. There are 
more detailed classifications with due regard to mixed types of landslides. For our purposes it is 
sufficient to consider four main types. 

 
Fig. 1. Landslide types (source: USGS)  
 
Slides are called so because the earth “slides” or moves downward in what is called a rotational 
movement. It is sometimes due to weakness of the slope caused by water accumulated at the 
foothills. This is why proper drainage of slopes is very important in ensuring slope stability.  
Topples: movements of rock, debris or earth masses by forward rotation about a pivot point. 
 
 
Rock falls occur when a part of the slope suddenly breaks off and hurtles downward to the 
ground. This is common in areas where there are rocky slopes.  
 
Debris flows are also known as mud flows. This occurs when a landslide merges with a creek or 
stream and becomes a mixture of mud and debris. Moves fairly fast.  
Slides are the most common type of landslide in Azerbaijan and Turkey, which represents a 
danger to people, urban infrastructure and highways. The following diagram shows a generalized 
structure of a landslide. 
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Natural causes include:  
 elevation of pore water pressure by saturation of slope material from either intense or 

prolonged rainfall and seepage  
 vibrations caused by earthquakes  
 undercutting of cliffs and banks by waves or river erosion  
 volcanic eruptions.  
 slow deformations in earth crust caused, tectonic waves  
 (Stress waves).  

 
 Human causes include:  
 removal of vegetation  
 interference with, or changes to, natural drainage  
 leaking pipes such as water and sewer reticulation  
 modification of slopes by construction of roads, railways, buildings, etc.  
 overloading slopes  
 mining and quarrying activities  
 vibrations from heavy traffic, blasting, etc.  
 excavation or displacement of rocks.  

 
Before a landslide, tilts and deformations of Earth’s surface are usually intensified and so are 
slow horizontal movements, cracks appear and seismoacoustic noise is amplified. For 
implementation of geodynamic monitoring, it is planned to create special geodynamic landslide 
area monitoring (GLAM) stations (or simply “GeoDyn” stations) to be placed in different 
observation points of landslide areas to monitor a number of key parameters: 1. The speed and 
direction of motion using high-precision GPS devices; 2. Changes in the angle and azimuth of 
earth surface’s tilts using a high-precision tiltmeter; 3. Changes in the seismic parameters of 
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microseisms and direction towards their source using a three-component seismic sensor (or 
accelerometer). 
 

 
 
Fig. 3. The photo shows the massive landslide in Keelung, Taiwan  
 
The project provides for creation of a software system to continuously record data from all 
sensors in the same format and transmit them via the Internet or a special communications 
system to the central server. All “GeoDyn” stations will be incorporated into a regional network. 
It is planned to develop software that will calculate at any point in time the geodynamic 
condition of a landslide area and its different parts, direction and speed of motions and tilts as 
well as to analyze the dynamics of the condition of a landslide area for any desired time span. All 
data will be displayed on an interactive map drawn using GIS technologies and high resolution 
satellite images. 
 
Within the project, during the second year of works it is planned to establish a comprehensive 
“GeoDyn” system of geodynamic monitoring and early warning of beginning landslide processes 
in one of the most dangerous landslide areas of Baku (Azerbaijan) and to test the system for 6 
months followed by analysis of obtained results, detection and elimination of shortcomings and 
putting the system into joint operation together with the concerned government agencies of 
Azerbaijan.  
It is planned to establish within the Scientific Research Institute for Prognosis and Studying of 
Earthquakes (SRIPSE) an international system for geodynamic monitoring of landslides 
(IGLAMS). If the region where the landslide area is located lacks necessary institutions and 
experts, the regional geodynamic monitoring network of the landslide area, following a 
commission by local authorities, will be connected to IGLAMS via the Internet. Data from all 
stations will be transmitted online to the central IGLAMS database via the Internet and will be 
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analyzed by SRIPSE. In this case, IGLAMS will be monitoring the landslide process and 
warning the local authorities of the imminent landslide hazard. This will solve the problem of 
involving qualified specialists and significantly reduce the local authorities’ expenses on the use 
of the developed geodynamic landslide area monitoring (GLAM) technology. 
 
The Problem and Proposed Solution  
 
Landslides are among the most hazardous natural disasters of geologic character. In the world, 
floods constitute 45% of the natural disasters which have occurred in the first half of the year 
2010, storms constitute 19%, landslides (mass movements) 10%, drought 9%, earth-quake 7%, 
extreme temperature 7%, volcano 2% and wildfire constitutes 1% of them (The Center for 
Reserch on the Epidemiology of Disasters-GRED, 2010). Each of the 50 U.S. states is affected 
by landslides which cause $ 1-2 billion economic loss annually. Expansion of urban and 
recreational development into hilly regions leads to an increase in the number of people who are 
exposed to the risk of landslides. They usually occur in connection with other major natural 
disasters such as earthquakes, volcanic eruptions, mudslides and floods. 
The annual growth of seismic and volcanic activity in recent decades has been accompanied by 
intensification of local tectonic processes, including landslides. The greatest danger landslides 
represent in cities and other human settlements. They are primarily formed in areas with complex 
terrain and certain geological structure. In places where the layers close to Earth’s surface (tens 
to hundreds of meters) are deposited at a certain angle on softer layers (clay, sand, etc.), there is 
a danger of their sliding down under the action of gravitational forces. This movement can be 
triggered by precipitation (rain, snow) and floods which dilute the underlying substratum and 
weaken the adhesion of the upper layers to the lower layers of the earth, as well as increased 
microseismic activity, slow tectonic movements, earthquakes, etc. Landslides in cities and other 
settlements lead to a large number of casualties and damage.  
It is very important to know in advance when a landslide process is about to start. The 
suddenness of a landslide represents the greatest danger, leading to a heavy death toll.  
Unlike earthquakes, landslides are slower and of less unexpected nature. Before a landslide, tilts 
and deformations of the earth’s surface are usually intensified and so are slow horizontal 
movements, cracks appear, their size and width grow bigger and seismoacoustic noise is 
amplified.  
To carry out geodynamic monitoring, it is planned to create special “GeoDyn” stations to be 
placed at different observation points of landslide areas to monitor a number of key parameters: 
1. The speed and direction of motion using high-precision GPS devices; 2. Changes in the angle 
and azimuth of earth surface’s inclination using a high-precision tiltmeter; 3. Changes in the 
seismic parameters of microseisms and direction towards their source using a triaxial seismic 
sensor (or accelerometer). Before a landslide, seismoacoustic emission appears.  
The project provides for creation of a software system to continuously record data from all 
sensors in the same format and transmit them via the Internet or a special communications 
system to the central server. All “GeoDyn” stations will be incorporated into a regional network. 
It is planned to develop software to calculate at any point in time the geodynamic condition of a 
landslide area and its different parts, direction and speed of motions and tilts as well as to 
analyze the dynamics of the condition of a landslide area for any desired time span. All data will 
be displayed on an interactive map drawn using GIS technologies and high resolution satellite 
images.  
A program will also be developed for mathematical simulation of the possible scale and 
consequences of a landslide, depending on the actual parameters recorded by the stations. 
Creating a system of early hazard warning in landslide areas is planned as well.  
Within the project, during the second year of works it is planned to establish a comprehensive 
“GeoDyn” system of geodynamic monitoring and early warning of beginning landslide processes 
in one of the most dangerous landslide areas of Baku (Azerbaijan) and to test the system for 6 
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months followed by analysis of obtained results, detection and elimination of shortcomings and 
the system’s putting into joint operation together with the concerned government agencies of 
Azerbaijan.  
One of the most important issues to be addressed within this project is to create an international 
geodynamic landslide area monitoring system (IGLAMS) and an interactive website for 
IGLAMS.  
The fact is that many landslide-prone cities and regions of the world do not have either 
specialized institutions or highly qualified specialists to carry out high-quality processing and 
analysis of geodynamic landslide area monitoring data, followed by adoption of crucial decisions 
and provision of a forecast. Those specialists can only be trained by attending relevant 
universities, which is not always acceptable for a number of reasons: it takes a long time to 
study, requires funding and excessive paperwork. Besides, certain work experience is needed for 
them to become highly qualified specialists. For such cases, this project provides for the 
establishment of a centralized international system of remote collection, processing and analysis 
of landslide data – IGLAMS which will be functioning as part of SRIPSE, similar to the Global 
Network for the Forecasting of Earthquakes (www.seismonet.org).  
In case there are no required specialists available in the landslide area, the regional network 
carrying out geodynamic monitoring of the landslide area, following a commission by the local 
authorities, will be connected via the Internet to IGLAMS. Then, all data from the sensors placed 
in the monitored landslide areas will be transmitted online to the central database to which 
SRIPSE specialists will have a direct access. The central database is planned to be deployed on a 
fast server in one of the specialized European centers providing these services. These data will 
be processed and analyzed by highly skilled SRIPSE experts; the information on the landslide’s 
current geodynamic state and possible forecasts will be provided to local authorities via the 
Internet and through other specified communication systems. This will to a great extent facilitate 
the solution of the problem of implementation and operation of the geodynamic landslide area 
monitoring system to be developed within this Project.  
One of the project results will be development of an international guide to geodynamic 
monitoring, control and early warning of landslide processes. 
 
Current Status  
 
A landslide is the upper and most loose layer of soil on the earth’s surface slipping under the 
action of gravity on a sloping surface; below it, there is usually a more solid layer. The breaking 
off and slipping of the upper layer is often caused by:  
- Weakened rock strength of the foot of topsoil under the action of precipitation and 
groundwater;  
- Increased steepness of the slope as a result of being washed away by water;  
- The impact of seismic shocks;  
- Construction and economic activity.  
The problem of landslides is among the most urgent concerns in Azerbaijan and Turkey, as well 
as in many other countries. For instance, over 200 people were killed and more than 1,000 
affected in Turkey alone as a result of landslides between 2010 and 2012.  
Examples of landslides in Azerbaijan  
The unusually high activity level of landslide processes as a result of heavy rains started to 
manifest itself across Azerbaijan from as early as the beginning of April 2010. April 5, 2010 saw 
a massive landslide on the Agsu Pass of the Shamakhy rayon, Azerbaijan. On April 10, 2010, 
large-scale landslides occurred in the mountain villages Urwa and Gulazi of the Gusar rayon of 
Azerbaijan, resulting in destruction of homes and extensive damage. A massive landslide 
triggered by torrential rains took place in the Tovuz rayon of Azerbaijan on 27 April 2010; an 
entire private house sank underground, leaving five family members dead. Immediately 
thereafter, information about landslides and land subsidence started to arrive from different 
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regions of Azerbaijan. The situation’s peculiarity owes to the fact that all these areas are situated 
at the opposite ends of Azerbaijan, that is, in the north, south, west and north-east. On 6 May 
2010, a very large landslide took place in the Muganli village of the Shamakhy rayon of 
Azerbaijan (approximately 110 kilometers west of Baku) as a result of the continuing 
precipitation, leaving 15 of the village’s houses in hazardous condition and forcing residents of 
five houses to be resettled. The roads leading to the village were blocked, and sown areas and 
orchards suffered great damage. Such a simultaneous large-scale manifestation of landslide 
phenomena within a vast territory that stretches across the whole Azerbaijan can be explained by 
the heavy precipitation that fell in spring 2010 in unusually large amounts (Global changes of the 
environment: threatening the progress of civilization [First report of the Chairman of the 
International Committee GEOCHANGE on issues of Global Changes of the Geological 
Environment 30.06.2010]. International Scientific Journal. “GEOCHANGE: Problems of global 
changes of the geological environment”, Volume 1, 2010,  
SWB, London-Munich, pp.54-220, ISBN 978-9952-451-11-5, ISSN 2218-5798).  
Landslides represent the greatest danger in territories intersected with motor roads and railways, 
as well as in areas where fuel and energy communications run: oil and gas pipelines etc.  
Presently, rather one-sided approaches and independent control sensors are used globally to 
monitor landslide areas. However, as practice shows, these methods are unsystematic and not 
effective enough since they do not make it possible to fully explore the general picture of a 
landslide process across the entire landslide area at any given time. Besides, existing studies are 
typically of discrete and non-standardized nature.  
Landslide monitoring is a complex engineering task; to accomplish it, various diagnostics and 
control methods are employed. Basic methods of monitoring the state of landslides are given 
below.  
 
Methods of real-time monitoring of landslides:  
 
This section discusses the most effective techniques for real-time monitoring of landslides, 
developed and tested over the last decade.  
Most standalone systems for remote monitoring and early warning of landslides are based on 
application of GPS sensors, monitoring horizontal and vertical movements in real time. One such 
technology is a network of sensors monitoring landslides in real time, developed in Germany.  
This project’s aim is to create of a low-cost autonomous network of sensors to detect and 
monitor the movement of landslides. To this purpose, a combination of sensors interconnected 
into a single network for monitoring landslides has been used. This network employs self-
organizing wireless connections. The authors suggest using potentiometric sensors Draw Wire 
Displacement Transducers or with normal Linear Displacement Transducers as sensors for 
monitoring. 
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Fig. 4. 
 

 
Solar panels are used to provide autonomous power supply. It is also proposed to use 
accelerometers to control movements. Meanwhile, as shown in the photos, the sensors are not 
protected against possible theft or mechanical damage as well as precipitation, especially snow, 
because snow is going to cover the surface of the optical elements of the solar panels and 
interfere with charging of the batteries. 
 

 
 

Fig. 5. 
 
 
Complex systems of real-time monitoring of landslides  
 
In recent years, some methods have been developed and applied for comprehensive monitoring 
and control of landslide processes in real time using multiple sensors simultaneously, which have 
been implemented in the framework of the U.S. Geological Survey landslide monitoring 
program (USGS, http://landslides.usgs.gov).  
One of the most interesting methods is the near-real-time monitoring of landslides, which was 
implemented over the last seven years within the USGS program for landslides in California and 
other regions of the U.S. (M.E. Reid, R.L. Baum, R.G. LaHusen, W.L. Ellis. Capturing landslide 
dynamics and hydrologic triggers using near-real-time monitoring. Landslides and Engineered 
Slopes – Chen et al. (eds). 2008 Taylor & Francis Group, London, ISBN 978-0-415-41196-7).  
The development of this method within the framework of the USGS program has allowed its use 
to monitor landslide processes in real time (E. Reid, Richard G. LaHusen, Rex L. Baum, Jason 
W. Kean, William H. Schulz, and Lynn M. Highland. Real-Time Monitoring of Landslides. 
National Landslide Information Center. U.S. Geological Survey. http://landslides.usgs.gov).  
Using the above technique, active landslides or landslide-prone hillslopes were monitored to 
ensure immediate notification of landslide activity based on high-quality data sets obtained with 
different sensors. The real time landslide monitoring system was effectively used to monitor 
landslides in Colorado, Western Oregon and along U.S. Highway 50, California. This method 
involves deploying recording stations in different parts of a landslide, registering the measured 
parameters, data accumulation, and the subsequent transfer of this data by a radio transmitter to 
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the central radio repeater. The repeater transmits the data to the base computer, and then the data 
is transferred to the user for analysis and decision making. 
 

 
Fig. 6. Diagram showing implementation of real-time landslide monitoring system 

http://landslides.usgs.gov 
 
This method employs piezosensors to record the pore pressure of soils (tensiometers) at different 
depth levels of the landslide body, soil moisture sensors and GPS sensors to monitor the 
movement of the landslide. This method focuses on the analysis of soil moisture and 
groundwater pressure increasing as a result of heavy precipitation, which may be one of the 
causes for the activation of a landslide. 
 

 
Fig. 7. Real-time landslide monitoring station 

California State Route 140 leading into Yosemite National Park, California, in 2006 
http://landslides.usgs.gov 
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The drawback of the method is, in our opinion, that it can most effectively be used to study the 
landslide activation mode, for scientific and methodological research into the relation between 
the intensification of landslides and the precipitation level, to estimate the risk growth for the 
beginning of a landslide. But we believe that it cannot be explicitly and effectively used for 
emergency alarm indicating the beginning of a landslide several days or hours before it. This is 
due to the fact that the method is based on registration of the parameters that characterize the 
emergence of the most dangerous conditions for the beginning of a landslide, but do not reflect 
the process of the beginning of preparation of the immediate landslide.  
One of the basic concepts of this method is the use of low-cost sensors and control systems due 
to the high risk of damage to the stations in case of a landslide. Meanwhile, in our view, if a 
landslide can cause great economic damage and represents a danger to life and health of many 
people in human settlements or close to major highways, railways, dams, etc it is necessary to 
use more advanced and sophisticated control systems despite some increase in their cost.  
In our opinion, the most complete and in-depth review and analysis of existing methods and 
tools for remote monitoring and early warning of landslides in real time is given in the new 
international EU project involving organizations from eight countries: “Guidelines for landslide 
monitoring and early warning systems in Europe – Design and required technolog” (Grant 
Agreement No.: 226479, Living with landslide risk in Europe: Assessment, effects of global 
change, and risk management strategies. 7th Framework Programme Cooperation Theme 6 
Environment Sub-Activity 6.1.3 Natural Hazards. Date: 2013-03-19). 
 

Fig. 8. Types of sensors and their installation in the field for monitoring and early warning 
of landslides in different projects carried out in the last 10 years: instruments adopted for 
the laser scanning surveys; GPS; tiltmeter and acoustic-emission sensor; laser rangefinder; 
humidity sensor; accelerometer and tensiometers; tiltmeter 
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The main differences and advantages of the proposed GeoDyn system from the known 
methods.  
 
Many recently developed technologies use the same standard sensors and their different 
combinations. The majority of the projects are based on using GPS networks. There are 
combinations of GPS, tiltmeter, accelerometer and other sensors.  
Interesting is, in our opinion, the project with the Zigbee network, where the Zigbee modules are 
used to transmit information from the sensors to the base station. This sensor system belongs to 
the Wireless Sensor Networks. In such networks, each Zigbee module acts as a repeater and 
independently finds the optimal route to transmit information to the base station via the Zigbee 
network. These networks are called “smart” self-organizing systems. The advantage of such 
networks is the ability to use low-cost Zigbee communication modules able to quickly rebuild in 
case of failure of individual modules and independently “find” the optimal route, automatically 
creating a new infrastructure of the communication network (Alberto R, Marco M, Franco Z, 
Antonio M. Landslide Monitoring with Sensor Networks: a Case for Autonomic Communication 
Services. Seattle (WA), 2006.)  
The disadvantage of such networks is that the distances between Zigbee modules must be short 
for good communication (50-70 m), which creates the need for a large number of Zigbee 
modules. Perhaps, with the improvement of the Zigbee modules in the future, their use will 
become more practical.  
A new idea is used to monitor landslides using Persistent Scatterer Interferometry (PSI) for 
measuring displacement of a landslide. Persistent Scatterer Interferometry (PSI) represents a 
powerful tool to measure landslide displacement, as it offers a synoptic view that can be repeated 
at different time intervals and at various scales (Veronica T, Federico R, Filippo C., Nicola C. 
Persistent 
Scatterer Interferometry (PSI) Technique for Landslide Characterization and Monitoring. 
Remote Sens. 2013, 5, 1045-1065; doi:10.3390/rs5031045).  
The intensive development of hi-tech has made it possible to use laser scanning to monitor 
landslide areas. Until recently, application of this method was impossible because of the very 
high cost of scanners with all-round vision and their low resolution. Meanwhile, this method has 
significant drawbacks. First of all it is connected with the necessity of open space within the 
scanner’s sight and fairly flat terrain. In addition, this method is highly dependent on the 
weather, as the precipitation and fog do not allow its use. Besides, laser scanners are very 
expensive and eye-catching equipment which is used for different tasks, which makes it very 
vulnerable to theft. In our opinion, this method is inefficient and difficult to apply in practice 
(Bitelli G., Dubbini M., Zanutta A. terrestrial laser scanning and digital photogrammetry 
techniques to monitor landslide bodies. Commission V, WG V/2, 2006).  
 
Novelty as to science and technology  
 
Scientific novelty  
1. The project will incorporate the existing International Network for Geodynamic Monitoring of 
Seismically Active Areas (IGSAAMS) and GLAMS to be established within this project. For the 
first time in the world, data on registration of tectonic waves with the ATROPATENA stations 
for geodynamic monitoring and forecasting of earthquakes (members of the Global IGSAAMS 
Network) will be used to identify the most dangerous periods of time for possible intensification 
of landslides, with the heavy precipitation factor simultaneously present.  
2. Due to the separate use of a triaxial accelerometer and a parabolic seismoacoustic and 
ultrasonic sensor specially designed by SRIPSE, the effect of dilatancy will first be employed for 
consistent tracking of the development of different stages of landslide preparation: from the 
formation of small cracks in the landslide bed to the complete separation of the landslide body 
and the formation of a horizontal rupture along the sliding plane. This will help to quite 
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accurately carry out forecasting of the geodynamic condition of a landslide and early warning of 
the beginning of its movement.  
3. For the first time, the results of monitoring the frequency-amplitude spectrum of the seismic 
acoustic emission in real time will be used to follow the landslide process’ evolution dynamics.  
 
Technological novelty  
 
1. In all known systems of monitoring and early warning of landslides, the one-way radio 
communication philosophy is applied, when sensors do not have feedback and only send 
information to the base computer that collects, packetizes and transfers information to the central 
user database. In this project, all the GeoDyn stations of the GLAMS network are identical and 
any of the stations, if required, can be remotely turned by the administrator into a base one. 
Thanks to that, maximum reliability and functional stability of the GLAMS network is achieved, 
which will continue to work even if the base station is damaged.  
2. For the system’s maximum reliability, the philosophy of “smart stations” with their own 
processors is employed. All stations have a direct and feedback communication to secure real-
time functioning of the remote testing of the sensors (Self Test Subsystem - STS). STS along 
with the station’s sensors has its own sensors to monitor temperature, humidity, solar panels’ 
operation, the battery charge level etc.). A special software program performs a continuous 
testing of all systems of the station and if a fault is detected, sends information through the base 
station to the administrator. Besides, the administrator is capable of remotely managing all 
stations, in particular, of setting and changing the sensor modes, updating the stations’ software, 
switching on and off individual systems, etc.  
3. All stations have autonomous databases. This makes it possible to store data with maximum 
safety, even if the base station and central database are damaged. A similar system has earned an 
excellent reputation in operation of the ATROPATENA stations, when as a result of a computer 
virus in 2010 the central and duplicating databases were damaged and part of the data was lost 
forever. Thanks to each ATROPATENA station’s own database, the central database was fully 
restored in the shortest possible time. 4. The GeoDyn station, along with a standard triaxial 
accelerometer, will use for the first time a parabolic seismoacoustic and ultrasonic sensor 
(SAUS) developed in SRIPSE. SAUS uses a parabolic reflector in the focus of which a high-
frequency piezocrystal microphone is placed. Due to this design, the sensitivity of SAUS is 
much higher than that of geophones and conventional microphones. It is known that triaxial 
accelerometers detect low-frequency seismoacoustic radiation and are not able to register high-
frequency acoustic and ultrasonic emission which occurs at an early stage of landslide activation 
(at the initial process of dilatancy). Thus, the simultaneous use of the triaxial accelerometer and 
SAUS will allow more efficient employment of the method of recording and tracing the 
landslide activation dynamics at an early stage. 
 
5. Each GeoDyn station will be using all-round looking cameras that allow us to have a complete 
picture of the weather, the condition of the station and the surrounding area and the approaching 
of the station by outsiders, animals, etc. The camera will transmit frames at a rate remotely set by 
the administrator, for example, one frame per 5 seconds and, if necessary, in the standard mode – 
24 frames per second.  
6. The review of the existing technologies for monitoring and early warning of landslides has led 
us to the conclusion that the vast majority of sensors used in the monitoring networks are not 
well protected against theft and vandalism as well as the weather conditions such as strong wind, 
precipitation, etc. In the GeoDyn stations, the use of special protective modules is provided for, 
inside which will be placed all station equipment. The main case of the security module will be 
made of seismic resistant bricks (aseismic construction bricks, ACB) designed within the 
previous NATO project of SRIPSE (NATO SfP 982167 Project, New Technology for Seismic 
Resistant Construction). ACB structures are resistant to strong earthquakes, vibrations, 
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explosions and mechanical shocks, which explains the choice of this technology for security 
modules of the GeoDyn stations.  
The security module protects to the maximum extent the station equipment from theft, vandalism 
and aggressive environment. The experience of the previous project shows that the cost of the 
case made of ACB will be low and its assembly during installation will take less 30 minutes or 
less. The relatively heavy weight of the security module (300-350 kg) will prevent it from being 
stolen or displaced without certain appliances. Besides, the high rack complicates theft of and 
damage to the solar panel, GPS sensor and station antenna. On the other hand, the high position 
of the antenna greatly increases the range of the wireless connection between the stations.  
7. It is planned to establish within the Scientific Research Institute for Prognosis and Studying of 
Earthquakes (SRIPSE) an international system for geodynamic monitoring of landslides 
(IGLAMS). If the region where the landslide area is located lacks necessary institutions and 
experts, the regional geodynamic monitoring network of the landslide area, following a 
commission by local authorities, will be connected to IGLAMS via the Internet. Data from all 
stations will be transmitted online to the central IGLAMS database via the Internet and will be 
analyzed by SRIPSE. In this case, IGLAMS will be monitoring the landslide process and 
warning the local authorities of the imminent landslide hazard. This will solve the problem of 
involving qualified specialists and significantly reduce the local authorities’ expenses on the use 
of the developed geodynamic landslide area monitoring (GLAM) technology.  
 
SRIPSE’s previous experience in building geodynamic monitoring systems  
 
The fact is that SRIPSE has extensive experience in developing and improving systems for 
geodynamic monitoring of possible earthquake areas. The establishment in 2009 of the 
International Geodynamic Seismically Active Area Monitoring System (IGSAAMS) and the 
Global Network for the Forecasting of Earthquakes (GNFE) can serve as an example. Within 
IGSAAMS, five ATROPATENA stations recording three-dimensional variations of the 
gravitational field and deployed in Indonesia, Pakistan, Azerbaijan, Turkey and Ukraine are 
combined into a single system (www.seismonet.org). The stations are equipped with special 
unique sensors that measure changes in the gravitational field in four horizontal directions and 
the vertical direction. The station’s complete set also includes seismic stations and tiltmeters. 
Above is a diagram of IGSAAMS as of December 2012. All stations transmit data online via the 
Internet to the central server located in Frankfurt am Main. All experts from countries – network 
members authorized to participate in the program have password-protected access to the central 
database via the Internet and can receive and record data from any station for further analysis 
and research. IGSAAMS allows them to obtain recorded data from any station in real-time mode 
and, using special software, to view recorded data from all sensors as graphs for a user-selected 
period of time directly on the website. If necessary, this data can be retrieved from the database 
for further, more in-depth analysis.  
In Pakistan and Indonesia, it was decided to join IGSAAMS at the governmental level; in other 
countries, the decisions were made by state research institutions. ATROPATENA data is 
planned to be used in the IGLAMS – GeoDyn system. Therefore, this section covers in more 
detail the principle of operation of the ATROPATENA stations involved in that system. Besides, 
in establishment of IGLAMS, the experience of creation and successful and long-term 
functioning of ATROPATENA stations, their maintenance and continuous improvement at 
minimal cost will be used.  
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Fig.9. Diagram of the International geodynamic monitoring system of seismically active 

areas developed and created by SRIPSE (www.seismonet.com) 
 
IGSAAMS  Philosophy  
 
IGSAAMS rests upon a network of completely autonomous and remotely operated and 
diagnosed ATROPATENA stations that continuously detect a certain set of geophysical 
parameters using standard and fundamentally new sensor types. What is fundamentally new in 
this technology is the monitoring of three-dimensional variations of the gravitational field. These 
variations occur 3-10 days (on average) before strong earthquakes and are caused by low-
frequency tectonic waves (stress waves) passing under the stations and emanating from the 
hypocenters of upcoming strong earthquakes (Khain V.E., Khalilov E.N. Cycles in geodynamic 
processes: their possible nature, Moscow, Scientific World, 2009, 520 p.). So, IGSAAMS 
actually performs geodynamic monitoring of redistribution of the mechanical stresses in the 
earth’s crust, which alter rock density as a result of compression and extension processes. When 
compressed, rocks become compacted and their mass increases, with rock decompression and 
drop in mass during the stretching. The ATROPATENA stations’ gravity sensors record three-
dimensional variations of the gravitational field in four horizontal and a vertical directions 
(gravity force) as a result of variations of the masses affected by changing stress fields (Khalilov 
E.N. Global Network for the Forecasting of Earthquakes – GNFE. International System of 
Geodynamics Monitoring. SWB, London, 2010, 40 p. ISBN 978-9952-451-11-3).  
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As a main result of IGSAAMS operation, the users are provided with a forecast map for 
seismic areas with increased risk of strong earthquakes expected within 10 days from the 
forecast date. The IGSAAMS database website contains a map of provided forecasts indicating 
the area of maximum seismic risk with the coordinates of the area’s central point and radius, the 
time frame of the expected earthquake, earthquake magnitude starting from 5, the probability of 
a reliable forecast (in %) and the number of possible shocks. The complete description of the 
IGSAAMS technology is given on the website: www.seismonet.org 
 

 
Fig.10. Map of provided forecasts for users at the IGSAAMS central database website 

(www.gnfedata.org) 
 
Presently, IGSAAMS does not allow more precise localization of the epicenter of a forecasted 
earthquake. However, the IGSAAMS technology has approached as close as possible to solving 
the problem of earthquake prediction, which can be effectively realized with further development 
and higher number of stations.  
 
The ATROPATENA stations are adapted to a stable long-term unattended operation using the 
Internet to transmit data to the central server in Frankfurt am Main. The station has a remote 
diagnostics system which includes additional sensors to control the system parameters of the 
station itself and to monitor the operating conditions. 
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Fig.11. Photo of the station for geodynamic monitoring of seismically 

 
Our position is to create autonomous and remotely operated and diagnosed systems, which are 
most reliable and sustainable for the long-term unattended operation. Obviously, deploying 
ATROPATENA stations in different countries and on different continents makes it economically 
difficult to carry out their maintenance by SRIPSE staff. Therefore, these stations are adapted to 
long-term stand-alone use.  
The intellectual property rights for the physical principle of the ATROPATENA station’s 
operation are protected by the national patent of Azerbaijan and PCT application (Khalilov E.N. 
Earthquake  prediction method and device for the implementation thereof. World Intellectual Property 
Organization (WIPO), Geneva, Publication Date No: 04.07.2013, Publication № WO 2013/096997, 
International Application № PCT/AZ2011/000016 Eurasian Patent №018373; Khalilov E.N. Method 
for recording low-frequency gravity waves and device for the measurement thereof. Patent PCT, 
WO 2005/003818 A1, WIPO, Geneva, 13 / 01/2005). In 2013, a Eurasian patent and PCT patent 
has been obtained (Earthquake prediction method and device for its implementation, Geneva).  

The IGSAAMS administrator stationed in SRIPSE (Baku, Azerbaijan) has administrative access 
via the Internet to all ATROPATENA stations in different countries, which allows him to 
manage the operation mode of all stations, remotely diagnose all systems of the stations and 
troubleshoot system faults and errors, update software, stop and restart the stations, control the 
personnel’s entry into the stations room with motion sensors, any movement of stations, as well 
as visually observe with a web camera over the physical condition of the stations and the optical 
and laser systems. The system for remote control and diagnostics of ATROPATENA stations is 
planned to adapt to IGLAMS - GeoDyn in this NATO project. 
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Fig.12. Diagram of the ATROPATENA station detector of three-dimensional variations of 

the gravitational field 
 
As a successful example of this philosophy, it is to be pointed out that the personnel enters the 
room where the stations are installed only once every 6 months for external examination and 
cleaning of the premises. Only after four years of continuous operation of the ATROPATENA 
station in Pakistan, the computer was changed to a more modern one and two laser diodes were 
replaced.  
 
How will ATROPATENA station data be used in IGLAMS – GeoDyn operation?  
 
Monitoring landslide processes in Azerbaijan since the beginning of IGSAAMS operation in 
January 2008 has led us to the conclusion that most of the landslides in Azerbaijan occur if two 
factors coincide: intense three-dimensional anomalies of the gravitation filed registered by the 
station ATROPATENA-AZ (Baku, Azerbaijan) and heavy precipitation. 
 

 
Fig.13 
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In 85% of landslide instances in the territory of Azerbaijan, intense gravity anomalies were 
reported several days prior to the landslide and at the same time, there was a large amount of 
precipitation (mostly rainfall). We have made a preliminary conclusion about the trigger effect of 
tectonic waves on landslide processes, with the factor of intense precipitation present. For 
example, the case described above, when between 5 April and 5 May 2010 more than 20 slides 
in all regions of Azerbaijan. This unusual activation of large numbers of landslides in different 
regions of Azerbaijan in a short period of time (within one month) cannot be explained only by 
the intensity of rainfall. Heavy spring and fall precipitation in Azerbaijan is a common climatic 
phenomenon. Meanwhile, as shown in the figure, the ATROPATENA-AZ station registered 
from 03.04.2010 to 29.04.2010 intense low-frequency gravitational anomalies reflecting stress 
waves (tectonic waves) which acted as a trigger mechanism for the activation of landslides 
throughout Azerbaijan. 
 
Tectonic waves’ mechanism of influence on intensification of landslides  
 
Tectonic waves (stress waves) cause mechanical deformations within the area where the wave 
front passes. As the results of international studies by GNFE show (Khalilov E.N., Starostenko 
V.I., Kendzera A. et al., Global gravitational effects before and after strong M8.9 earthquake in 
Japan on 11 March 2011. In the Book of abstracts of International Congress "Natural cataclysms 
and global problems of the modern civilization ", 19-21 September, 2011, Turkey, Istanbul, 
2011, p.23-24, ISBN 978 9952 4511 46) tectonic waves are very long mechanical waves with a 
length of 100 km to 500 km. That is, the length of a tectonic wave is larger than a landslide. The 
periods of these waves vary from a few hours to several days. Therefore, slow deformation 
caused at landslide areas by tectonic waves, in accordance with the fundamentals of 
geomechanics (Rodionov V.N., Sizov I.A., Tsvetkov V.M., Basics of geomechanics., Moscow, 
Nedra, 1986, 301 p.), should lead to a sharp increase in mechanical stress at the boundaries 
between the layers with different physical and mechanical properties. The most abrupt boundary 
of layers with different physical and mechanical properties in landslide areas is the landslide 
plane. If there is intense precipitation during the passage of tectonic waves through the landslide 
area, tectonic waves act as a trigger mechanism for breakoff of the landslide body from the 
breakoff plane and slipping down under the action of gravity.  
Within this NATO project, it is planned to use the registration data of tectonic waves recorded by 
the ATROPATENA stations as auxiliary information to determine the periods of maximum risks 
for the possible activation of landslides at the coincidence of intense precipitation and passage of 
the tectonic wave front through the landslide areas. Besides, IGSAAMS experience will be used 
to create a fully autonomous and remotely operated and diagnosed GeoDyn station network with 
a wireless communication system and an autonomous energy supply from solar panels (if away 
from the standard sources of supply).  
SRIPSE has been involves in monitoring landslides in Baku as well. In particular, several years 
ago it warned in advance the city authorities of the possibility of a landslide in Narimanov 
Avenue, Yasamal district of Baku, near the Narimanov monument, thus preventing possible 
negative consequences of the landslide. This warning greatly influenced the development of 
events, namely, that all construction works for a high-rise house were suspended and 
reinforcement works conducted in the landslide area. The letter to Baku city authorities and their 
response is attached hereto (see Annexes 1a and 1b with translation).  
This NATO SfP project will maximize the use of the experience, skills and knowledge possessed 
by SRIPSE scientists and specialists, which were used in creation and operation of GNFE.  
Turkey also has a certain experience in monitoring and modeling landslides with special 
emphasis on underground waters in Turkey’s north-eastern Trabzon province: Yalçınkaya, M. 
and Bayrak, T. (2003).”Dynamic Model for Monitoring Landslides with Emphasis on 
Underground Water in Trabzon Province, Northeastern Turkey.”J. Surv. Eng.,129 (3), 115–
124.doi: 10.1061/(ASCE)0733-9453(2003)129:3(115). In particular, the modeling of the effect 
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of heavy rainfall and large underground water level changes in activating landslides was 
investigated. A test network was established in a slide area in Maçka County in the province of 
Trabzon in the northeast of Turkey. The coordinates of network points were computed with 
geodetic measurements. Underground water levels of the network points were determined with 
geological and geophysical measurements. Using these data, movements were determined with 
both kinematic and dynamic models. Results of both models were compared to each other. It was 
concluded that determining movements with the dynamic model was more suitable than using 
the kinematic model in landslide studies.  
There have also been some studies in Turkey which address the problem of monitoring landslide 
dynamics using aerial photo coverage (F. Karslia, A. Yalcina, M. Atasoya, O. Demira, S. Reisa, 
E. Ayhana, Landslıde Assessment By Usıng Dıgıtal Photogrammetrıc Technıques,2004, 
Commission VII, Turkey, Citeseer). However, this method does not allow realization of early 
warning and is intended only for general assessment of the dynamic state of a landslide.  
In GeoDyn stations, it is planned to remotely perform a self-test. The monitoring system must 
also be so flexible that the threshold parameters can be changed as more information becomes 
available on the performance of the monitoring system.  
 
Making use of early experience of SRIPSE for recording and analysis of acoustic emission  
 
Since 2011, as part of the ATROPATENA stations, special acoustic detectors have been used for 
directional recording of low-frequency acoustic radiation on the boundary of the ionosphere and 
atmosphere as a precursor of earthquakes. This recording is done with the help of special 
parabolic acoustic sensors allowing manyfold amplification of the useful signal and filtering out 
of the acoustic noise. The parabolic acoustic detectors are designed and manufactured entirely by 
the SRIPSE Institute. Similar detectors will be used in the GeoDyn stations to register high-
frequency seismic acoustic emission. 
 

  
Fig. 14. Acoustic detector for studying acoustic-gravitational waves on the boundary of the 

ionosphere and atmosphere (SRIPSE, 2012) 
 
Application of the results of previous NATO project SfP 982167 to protect GeoDyn stations 
from theft and vandalism  
 
Vandalism: monitoring instruments are often subject to vandalism and thefts when located in 
unguarded areas. Protective measures have to be taken. Besides, damage to the equipment may 
be caused unintentionally. For example, various animals in the wild can damage parts of the 
system. The monitoring instruments can also be damaged by the movement of the landslide. 
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Physical protection of the GeoDyn stations is one of the most important conditions for practical 
and long-term use of the technology as the GeoDyn stations are complex and expensive 
equipment. Analysis of publications on developed and currently used landslide monitoring and 
early warning networks has shown that they are not well protected against theft, vandalism and 
physical damage from the moving landslide. In this project, the problem will be given special 
attention.  
For the physical protection of the equipment, special low-cost earthquake-proof and explosion-
proof modules made of seismic resistant bricks will be used; they have been designed and 
developed by SRIPSE under the “New Technology for Seismic Resistant Construction” NATO 
SfP 982167 Project. This technology has many patents in various countries, including Europatent 
and Eurasian Patent. These modules will be housing the equipment of the GeoDyn stations. The 
modules are quickly and easily assembled directly at the GeoDyn stations installation site and 
will maximize the protection of the equipment from theft and vandalism, and even in the event of 
landslides and mechanical shocks from falling objects. 
 
Impact and benefit to public safety  
 
The problem of reducing risks and negative effects of landslides is one of the most pressing 
global issues of disaster management. In large cities, landslides have massive negative 
consequences. The introduction of GLAMS in one of the most dangerous and heavily populated 
historic areas of the city of Baku, in the landslide site of the Bail village, will help partially 
reduce the negative consequences of landslides: human fatalities; economic damage inflicted to 
private buildings and property of the people as a result of their destruction; economic damage 
inflicted to public facilities, energy, fuel and other urban communications, communication 
systems, roads, etc.; environmental damage as a result of damage to fuel communications, sewer 
and water systems, vegetation as a result of possible destruction of petrochemical and fuel 
storage facilities; social damage to the population following the loss of property, destruction of 
public facilities, economic losses of insurance companies; moral and psychological damage to 
the population living in the landslide area; cultural damage caused by the destruction of cultural 
and historical sites.  
The pilot use of GLAMS at two landslide areas in different countries: Azerbaijan and Turkey 
will in a best way possible help test the technology, identify the existing shortcomings and 
correct them in the implementation of this NATO project.  
The ongoing studies of results of monitoring landslides in Azerbaijan and Turkey will make it 
possible to better learn and understand the mechanisms of activation and beginning of the 
movement of landslides, more deeply explore the human factors that adversely affect the 
formation and moving of landslides. 
 
The international system for geodynamic monitoring of landslides (IGLAMS) will be established 
within the Scientific Research Institute for Prognosis and Studying of Earthquakes (SRIPSE). If 
the region where the landslide area is located lacks necessary institutions and experts, the 
regional geodynamic monitoring network of the landslide area, following a commission by local 
authorities, will be connected to IGLAMS via the Internet. Data from all stations will be 
transmitted online to the central IGLAMS database via the Internet and will be analyzed by 
SRIPSE. In this case, IGLAMS will be monitoring the landslide process and warning the local 
authorities of the imminent landslide hazard. This will solve the problem of involving qualified 
specialists and significantly reduce the local authorities’ expenses on the use of the developed 
geodynamic landslide area monitoring (GLAM) technology.  
Through the use of two pilot GLAMS systems in Azerbaijan and Turkey, there will be an 
opportunity to test the software and operation of the interactive website of the IGLAMS 
international network and its improvement by the end of the project. 
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Main steps for implementation of the project and its components and their interaction 
 

 
Project components: This NATO SfP project consists of several key areas of work and stages 
of their consecutive implementation. The project can be divided into the following categories of 
work:  
1. Designing and making “GeoDyn” stations for geodynamic monitoring of landslide areas 
(GLAM). Within this stage, it is also planned to develop and create an autonomous power supply 
system using solar energy or other energy sources.  
2. Developing and creating the “GeoDyn” stations communication system.  
3. Developing the methodology for geodynamic monitoring, processing and analysis of 
“GeoDyn” station data and their presentation in the form of interactive digital maps and charts 
showing the condition of landslide areas at the moment of viewing, as well as forecast maps and 
the emergency landslide warning system.  
4. Developing software for operation of “GeoDyn” stations and regional GLAM network.  
5. Developing software for IGLAMS and its interactive website.  
 
1. Designing and making “GeoDyn” stations for geodynamic monitoring of landslide areas 
(GLAM)  
 
At this stage, two additional important sections can be highlighted:  
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 Creation of the “GeoDyn” stations’ system of power supply from a standard electric 
socket (for example, if the station is located at a landslide site within a city);  

 Development and creation of autonomous power supply system for each “GeoDyn” 
station using solar energy or other sources of energy when the landslide area is away 
from power lines.  

 
Three independent sensors will be used in building “GeoDyn” stations, making it possible to 
obtain comprehensive and most complete information about the state of the landslide area:  
1. Triaxial seismic sensor (or accelerometer);  
2. High-precision GPS sensor;  
3. Tiltmeter.  
All sensors and radio-electronic modules will be placed inside a single case of a “GeoDyn” 
station to isolate them from the external environment. The station’s case will be specially 
designed for use in different natural conditions.  
All sensors will be transmitting information online to the base “GeoDyn” station where all the 
information will be converted into the required digital format with the use of the processor and 
special software, following which the data will be remotely transmitted to the regional network’s 
central database.  
 
GLAMS STRUCTURE AND OPERATION  
 
Unlike most of the monitoring and early warning systems based on the use of maximally low 
cost sensors and equipment for the collection and transmission of information in landslide areas 
with no potentially large negative effects, GLAMS is designed for monitoring and early warning 
of landslides which represent a great danger to human life and health, urban and industrial 
infrastructure the destruction of which may have massive negative effects of economic, 
environmental and other nature. The main specifications for the security and stability of 
GLAMS are:  
 
1. Autonomy and reliability for long-term operation without maintenance personnel; 
1.1.Wireless and secure system of communication and information transfer; 1.2. Stable power 
supply for GeoDyn stations; 1.3. Stable and reliable system of sensors and the acquisition and 
data processing module; 1.4. Software with the maximally simple and easy-to-use set of analysis, 
control and management sub-programs and interface; 1.5. The ability to use each of the stations 
as a base one in the event the base station fails. 1.6. Maximum protection of the database through 
the use of local databases in each GeoDyn station. 1.7. Automated or controlled activation of the 
alarm siren at each station during the beginning of the landslide movement to awaken sleeping 
people at night or attract attention of people who may miss the initial moment of landslide 
movement.  
2. Security of the GeoDyn stations’ equipment against damage and unstable operation due 
to risk factors of the external environment: 2.1. Protection of electrical and electronic systems 
against lightning strokes; 2.2. Heat insulation of the equipment through the use of a protective 
housing: earthquake-proof bricks with a polymer shell; 2.3. Protection of electronic equipment 
from precipitation and automatic clearing of the solar panel from snow with an air heater in the 
winter;  
2.4. Circular view and video surveillance of all major elements of the GeoDyn stations and the 
situation around.  
3. Protection from theft, vandalism and physical damage of the GeoDyn stations under the 
effect of natural hazards: 3.1.Use of durable heat-insulated case out of earthquake-resistant 
bricks and metal frame, which can withstand severe vibration, mechanical shock and explosions, 
developed by SRIPSE within the previous NATO project “New Technology for Seismic 
Resistant Construction” SfP 982167;  
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3.2. A high rack on top of which the solar panel, GPS sensor and antenna will be placed to 
complicate access to them.  
3.3.Circular video surveillance that allows control over the GeoDyn station’s external 
components and its surroundings.  
3.4. The movement sensor records the approaching to the station of people or large animals and 
sends a warning to the GLAMS operator, as well as automatically switches on the video camera 
in the standard recording mode while the object is within the secured zone.  
3.5. A siren can be activated by the operator to make psychological effect in the event of 
attempted theft or vandalism, as well as can turn on automatically at the beginning of the 
landslide.  
 
GLAMS structure  
 
Fig. 15. shows the block diagram of GLAMS, planned for monitoring and early warning of 
landslides in Baku, Azerbaijan. GLAMS comprises five identical stations of which the central 
one acts as the base station which receives information from the other four stations and transmits 
to the user database by means of radio or internet network.  
 

 
Fig. 15.Structural diagram of GLAMS 

 
 
All GeoDyn stations contain an autonomous system of power supply from solar panels, if there 
is no electrical supply network nearby. Even if there is, the stations use the solar panels as an 
emergency back-up system against power cuts from the electrical supply system. The power 
supply system provides for a battery powering the entire system and being constantly recharged 
from a solar panel or the electrical supply network. The analog-to-digital converter (ADC) 
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transforms analog signals from all sensors into digital form. The local database records all the 
data from the sensors transmitted to the central database. The communication system provides 
for different communication options, depending on the availability of various systems, and 
includes a frequency modulator used in the radio communication system and mobile protocols 
GSM / UMTS. In this configuration of the GeoDyn station, there are four main sensors: tilt 
sensor; precision GPS sensor (up to 1 cm); triaxial accelerometer; high / ultra-sonic 
sensor. The system has a pre-processing and data analysis module which may activate a local 
alarm (siren) automatically when the registered parameters reach the thresholds levels set by the 
network administrator. The automatic alarm can be disabled by the administrator if necessary. As 
shown in the diagram in Fig. 15, the analog-to-digital converter has the ability to further connect 
additional sensors as needed. ADC supports 32 channels.  
GLAMS will be equipped to remotely perform a self test on the sensors (Self test Subsystem); 
this procedure allows identification of malfunctions on sensors or to validate data, reducing the 
uncertainty without having to go to the field. It is planned to include additional temperature and 
humidity sensors in the Self test Subsystem. 
 

 
Fig. 16. Diagram of structure and installation of GeoDyn station on landslide surface 
1 – The case of the protective module; 2 – Cover of the protective module; 3 - Metal stand; 

4 – Solar panel; 5 – GPS sensor; 6 – Receiving and transmitting antenna; 7 – Heater; 
8 – accelerometer; 9 - Parabolic seismo-acoustic ultrasonic sensor; 10 – Tiltmeter; 

11 – Module for gathering and analyze of information; 12 – The  igital lock; 
13 – Movement sensor. 14 - Video camera. 
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Completely new in this system is the parabolic seismo-acoustic ultrasonic sensor SAUS shown 
in Fig.16, which allows multifold amplification of high-frequency seismic acoustic and 
ultrasonic emissions (SAUSE) and significant improvement of the signal / noise ratio due to the 
use of a parabolic reflector. The focus of the parabolic reflector has a high-frequency 
piezocrystal microphone of special design, which detects SAUSE. The parabolic reflector 
multiplies the amplitude of the waves the front of which moves perpendicular to the axis of the 
parabolic reflector. Thus, thanks to the properties of the parabolic reflector, the environmental 
noise (wind, rustling leaves of trees and plants, the movement of animals and people, human-
made noise, etc.) will be filtered out and SAUSE radiated from the deep layers of the landslide 
will increase. This effect has yielded very good results when SRIPSE used parabolic acoustic-
gravity antennas in the cities of Baku and Istanbul where, despite the intense urban noise, the 
antennas did not register it but did record very well acoustic gravitational waves emitted at the 
boundary of the ionosphere and atmosphere.  
Thus, the two sensors: triaxial accelerometer and SAUS will record seismic-acoustic emission in 
a wide frequency range, from the first units of Hz to 100 KHz. This allows the GLAMS system 
to follow all stages of geodynamic activation of landslides until the beginning of the movement 
and to carry out efficient forecasting and early warning of the approaching of landslide 
movement. The high-precision GPS sensor monitors movements in the measurement point; at the 
same time, it is planned to carry out software-based increase of the GPS accuracy to 1-1.5 mm 
using a mathematical tool of statistical data processing.  
The high precision tiltmeter will be tracking the changes in the inclination angle in the 
measurement point and indicating the slope direction with 0.01 degree accuracy.  
Data from all sensors will be automatically mapped on the user website using special software; 
the user can select the needed map type and parameter indicated in the map for the time frame 
they are interested in, either in real time or on the basis of archived data.  
The station’s security system includes a video-monitoring system and a movement sensor. The 
video monitoring system will be configured to send frames at a rate set by the network 
administrator. The movement sensor is designed to detect the appearance of any large moving 
object near the station, which is necessary to protect the station from theft and vandalism. In the 
event a large moving object (human or animal) appears, the movement sensor sends a warning 
signal of the possible danger to the operator and automatically switches the video camera to the 
standard recording mode (24 frames per second) until the moment when the object leaves the 
secure zone. If the object stays in the secure zone for more than a certain time span determined 
by the system settings, the movement sensor activates a siren which sounds until the object 
leaves the secure zone, after which the sensor turns off the siren. The siren can also be remotely 
activated by the administrator.  
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Fig. 17.GeoDyn station appearance, basic elements and  

deployment example on landslide surface 
 
The condition for ensuring the reliability and stability of GLAMS operation suggests failure-free 
functioning of GeoDyn stations in all weather conditions and regardless of the season. Winter 
snowfall may cover the solar panel with a snow layer preventing thereby its normal operation 
and the system’s battery charging. For this case, the GLAMS structure has an air heater shown in 
Fig. 17 to be placed above the solar panel and directing, due to a special shape of the nozzle, the 
flow of hot air to the surface of the solar panel, causing the snow to melt and allowing light to 
access it. The video monitoring system will monitor the presence of snow on the surface of the 
solar panel along with the snow sensors to automatically turn on the heater in the self-heating 
mode.  
As shown in Fig. 17, to deploy a GeoDyn station at the chosen site, a horizontal surface with an 
area not less than 0.6 m × 0.6 m must be prepared in advance. 
 
The protective module is transported to the deployment location disassembled. It and other 
equipment is assembled directly on the station’s deployment site.  
The high metal stand with the antenna increases the range and quality of radio communication, 
complicates access of unauthorized persons to the GPS, solar panel and antenna. Besides, the 
metal stand and frame of the protective module will serve as a lightning rod to prevent damage to 
the electronic equipment in the event of a direct lightning stroke.  
The earthquake resistant bricks protect against aggressive environment: water, wind, dust, rain, 
blows and mechanical damage. Heat insulation and moisture protection of the electronic 
equipment and communications are also provided with the latest models of bricks covered with a 
polymer shell, the design of which is protected by a national and Eurasian patents and a PCT 
application.  
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Fig18. How to open protective module’s cover 

 
 
Application of ACB (aseismic construction blocks) is planned for Azerbaijan and Turkey, 
because SRIPSE has ACB production technology. In the absence of earthquake-resistant bricks, 
the protective case may be made of metal or another durable material.  
Fig.18 shows the method of opening the metal cover of the protective case during maintenance 
or repair. During the opening, a metal support will be used to fasten the metal rack with a cover 
in the horizontal position, the height of which, as well as the inclination angle of the supporting 
surface of the rack can be adjusted.  
Case of the protective module  
The design of the protective module’s case is based on a completely new, not previously used, 
technology of earthquake-proof bricks, developed during the implementation of the previous 
NATO project: “New Technology for Seismic Resistant Construction” SfP 982167. Elastic 
damping pads ensuring flexibility of design are shown in red. Neither cement nor another binder 
is used to connect the bricks.  
 
 
2. Developing and creating the “GeoDyn” stations communication system  
 
The development and creation of the system of communication of “GeoDyn” stations with the 
base “GeoDyn” station and of the base station with the central database of the regional network 
of geodynamic landslide area monitoring is one of the most important and complicated tasks of 
the project. In implementation of this task, the possibility of using different radio communication 
systems to control “GeoDyn” stations remotely and to transmit data to the central database will 
be explored. Among the communication systems most likely to be considered are:  
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 Using cable or wireless internet connection via 3G or Wi-Fi modules for urban 
environment;  

 Using VHF radio modems and satellite communication for no or limited access to the 
standard communication systems (cellular and landline networks, etc.).  

 
3. Developing the methodology for geodynamic monitoring, processing and analysis of 
“GeoDyn” station data and their presentation in the form of interactive digital maps and 
charts showing the condition of landslide areas at the moment of viewing, as well as 
forecast maps and the emergency landslide warning system  
 
This part of the project is inseparably linked to the previous one, which is the design and 
development of the IGLAMS website, and will therefore be implemented in parallel and 
interconnected with it. At this stage, the algorithms and software for mathematical processing of 
data and its graphical display are to be created. Along with that, this is the section when the 
methodology of geodynamic monitoring will be developed involving scientists and engineers, 
geophysicists and geologists, as well as experts in geomechanics and mathematical modeling.  
 
4. Developing software for operation of “GeoDyn” stations and regional GLAM network.  
 
GLAMS is a high technology product and therefore implies stand-alone operation of GeoDyn 
stations and their regional network without operator intervention. However, GLAMS will be able 
to be operated remotely by the staff to change the operation mode, update the software, remotely 
address emerging software problems, for system diagnostics, to detect and clean the system from 
malicious viruses and other tasks. It should be noted that a similar problem was solved by 
SRIPSE to operate the network of the ATROPATENA gravitational field monitoring stations 
integrated into the Global Network for the Forecasting of Earthquakes (www.seismonet.org). 
Thus, despite the complexity of the task, it is quite feasible for the project participants, taking 
into account the extensive work experience of SRIPSE experts in this technical field.  
 
5. Developing software for IGLAMS and its interactive website.  
 
The interactive GLAMS website is to be one of the most intelligent outcomes of the project. The 
point is that the GLAMS website will be a processing and analysis tool for all information 
incoming from every GeoDyn station. Network members using a password will be able to enter 
the website’s analytical module and visualize with the simplest efforts all data transmitted by the 
stations online in the form of graphs and diagrams, as well as examine archived records of the 
stations for past periods. 
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Besides, the software provides for display of information in the form of various landslide area 
maps indicating several parameters: the slope angle of the landslide and its various parts, the rate 
at which the entire landslide area and its individual parts move, the seismoacoustic noise level 
throughout the examined area and direction towards the area of maximum noise amplitude. Thus, 
the interactive GLAMS Website will be a powerful scientific and analytical tool for monitoring 
and control of landslide processes, with most of the data processing and analysis fully 
automated. Enabling of an alarm system and automatic sending of information in the form of 
SMS, e-mail or voicemail to the control station and any recipient specified are also provided for 
in the program. 
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Steps of GLAMS website analytical module operation  
 
Step 1.Registering and logging into the online data processing and analysis system at the 
GLAMS website  
The user must register and enter their login and password to be granted access to the database 
and the GLAMS Website analytic module system.  
 
Step 2. Choosing the landslide area  
If geodynamic monitoring is carried out at several landslide areas, the user must select the 
landslide site to be used for analysis.  
 
Step 3. Choosing the sensor type  
The user selects the sensor with which geodynamic analysis is to be carried out.  
 
Step 4. Mapping  
This step is intended for drawing maps which reflect changes in a registered parameter at the 
landslide area as contour lines. It also provides for the vector constructions displaying the 
direction of parameter changes, both integral and for individual parts of the landslide.  
 

 
 

(1)                                                         (2) 
Fig. 19. Example of two interactive maps 
1 - Map of landslide slope and azimuth. 

2 - Map of landslide displacement values and azimuth 
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Step.5. Plotting graphs  
 
This type of analysis helps display time variations of any parameter, for each sensor separately 
and integral values alike. It will assess the dynamics, trends, cycles and other regularities of 
landslide processes. 
 

Fig.20.Diagrams of dynamics of landslide monitoring parameters 
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Step.6. Choosing alarm parameters  
 
The user can choose a default landslide hazard alarm mode according to all criteria available in 
the geodynamic monitoring system. There is a possibility for the user to select only the criteria 
they consider necessary and sufficient.  
It should be noted that this step requires a preliminary test period of the system’s operation in 
order to determine hazard criteria. In addition, it is planned to classify hazard levels according to 
a five-level scale, where the fifth level corresponds to the highest hazard status when some 
emergency measures must be taken: evacuation of people, preparation and deployment of 
rescuers and special equipment at proper locations for easy access to the area of the expected 
disaster.  
Solving this problem will involve web developers together with programmers who create 
databases and mathematical software for processing and graphical display of data. Besides, this 
part of the project will also require participation of engineers and geophysicists, experts in 
geomechanics and mathematical modeling to develop methods for geodynamic monitoring of 
landslide areas.  
 
Monitoring of seismic-acoustic emission  
 
Monitoring of seismic-acoustic emission by the GeoDyn station includes a separate registration 
of low- frequency and high- frequency components of the seismic-acoustic emission. The 
registration of the low-frequency component of seismic-acoustic emission will be carried out 
using a standard triaxial accelerometer, and of the high-frequency component – with a special 
parabolic seismic-acoustic and ultrasonic sensor (SAUS) developed in SRIPSE.  
Due to the separate use of a triaxial accelerometer and a parabolic seismoacoustic and ultrasonic 
sensor specially designed by SRIPSE, the effect of dilatancy will be employed for consistent 
tracking of the development of different stages of landslide preparation: from the molecule-level 
formation of small cracks in the landslide bed to the complete separation of the landslide body 
and the formation of a horizontal rupture along the entire sliding plane. This will help to quite 
accurately carry out forecasting of the geodynamic condition of a landslide and early warning of 
the beginning of its movement.  
The dilatancy effect was first described in detail in Griffith’s theory (Griffith A.A. Philos. Trans. 
R. Soc. London Ser. A221, 1920). According to this theory, when a mechanical stress of 
sufficient magnitude is reached in a brittle material, the material experiences violation of 
molecular adhesion at the molecular level with the formation of tiny elliptic cracks with local 
tensions at their ends. Subsequently, this theory has been substantially completed (Sack R.A., 
1946; Sanders J.L.J, 1969; Barron K., 1971; Boschi E., Mutargia F., 1977, and others). In the 
Gilman theory (Gilman J.J.J., 1956), brittle destruction of the material occurs in three stages. In 
the first stage, there is the destruction of atomic bonds and the formation of micro-cracks. In the 
second stage, cracks are interconnected forming larger cracks oriented along the axial tension 
line. In the third stage, there is crack propagation along their length and their connection to a 
single large gap, along which there the main material is destroyed. Thus, using this theory, we 
divide the process of early activation of the landslide into three stages, according to the theory of 
dilatancy. Experimental studies carried out by Shamina O.G. confirmed the effect of dilatancy. 
Shamin O.G. obtained important findings of studies of seismic acoustic emission during 
compression of rock samples using a special press. She found that in the initial stage of 
destruction in rock samples microcracks are formed that cause ultrasonic emissions. The 
subsequent increase in pressure leads to joining of microcracks and the formation of larger 
cracks that cause midrange seismic acoustic emission. Before the destruction of the sample, there 
is a low-frequency seismic emission (Shamina O.G. Model studies of earthquake focus physics, 
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Moscow, Science, 1981, 198 p.). In recent years, the experimental studies of seismic-acoustic 
emission before destruction of the samples have been developing using new technologies of 
registration (A.S. Paipetis and D.G. Aggelis. Damage Assessment in Fibrous Composites Using 
Acoustic Emission. Department of Materials Science and Engineering, University of Ioannina, 
Greeceб 2011. www.intechopen.com). The results of these studies are fully consistent with the 
results obtained by Shamina O.G. In more detail and depth, the results of studying of acoustic 
emission mechanism are given in: Acoustic Emission. Edited by Dr. Wojciech Sikorski. InTech. 
March, 2012. 398 p.  
This project will use the results of monitoring the frequency-amplitude spectrum of the seismic 
acoustic emission in real time to monitor the dynamics of the landslide process. Let us consider 
the example of monitoring of seismic acoustic emission in the process of preparing for the 
beginning of the landslide movement. 
 

 
Fig.21. An example of changing of the frequency-amplitude spectrum of seismic-acoustic 
emission at different stages of dilatancy in the slip plane of the landslide area (landslide 

bed) 
 
 
Fig 21 shows an example of changes in the frequency-amplitude spectrum at different stages of 
dilatancy. The first stage corresponds to the very early stage of seismic-acoustic emission caused 
by the formation in the zone of maximum geomechanical stresses in the slip plane of the 
landslide. At this stage, rock breakup starts with the formation of a large number of microcracks. 
At this point, high-frequency seismic-acoustic waves are radiated from the destruction zone that 
can span the frequency range of 8-60 KHz. At the second stage larger cracks appear and 
frequency of seismic acoustic emission is reduced, to 100-1000 Hz on average. At the third 
stage, there is a rapid increase in large cracks and their connection with the formation of a 
horizontal crack in the landslide bed. During the third stage, an increase in the amplitude of low-
frequency seismic vibrations from 1 to 100 Hz is observed.  
Thus, using the theory of dilatancy and monitoring of the frequency-amplitude spectrum of 
seismic-acoustic emission, we plan to develop and implement a methodology for monitoring 
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geodynamic state and process of preparation of landslide movement and early warning system in 
real time.  
 
IGLAMS purpose and structure  
 
For such cases when there are landslide areas but no highly qualified specialists to operate 
GLAMS, it is planned to establish an international system for remote collection, processing and 
analysis of data on landslide areas: the international geodynamic landslide area monitoring 
system (IGLAMS). Within IGLAMS, SRIPSE will be the key, professional research and analysis 
group to monitor and forecast landslide areas. This service will only be provided to entities – 
IGLAMS members and for a certain fee. That is, governmental and private institutions, 
municipalities or other entities that are not able to operate GLAMS independently can use this 
service provided by SRIPSE specialists on the condition that they have become a member of 
IGLAMS. Provision of this service requires annual payment of the membership fee, the funds 
raised to be used to pay the specialists, finance the missions to install and test GeoDyn stations 
and improve the IGLAMS technology. 
 

 
 
 
IGLAMS early warning system  
 
The system of early warning of landslide hazards is an integral part of GLAMS’ ultimate 
mission. When setting up this system, it is planned that the user can choose between the default 
landslide danger alarm mode according to all criteria provided for in the geodynamic monitoring 
system and the special mode which will use only the criteria that are considered necessary and 
sufficient for early warning. Solving this task requires a preliminary period of test-mode 
operation, not less than 6 months following the GLAM’s first day of operation to determine the 
hazard criteria and classify them according to the level of danger by, for instance, a five-level 
scale where the fifth level corresponds to the highest risk status. At the fifth level of danger, 
some emergency measures must be taken: evacuation of people, preparation and deployment of 
rescuers and special equipment at proper locations for easy access to the expected disaster area. 
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The block diagram shows the sequence of ELHWS operations. So, the GLAMS user has to select 
in advance the system’s operation parameters. As is seen from the diagram, each of the three 
main parameters has two modes: standard and special. The Standard mode is built in the system 
by the developers and based on the selection of optimal criteria. The Special regime is to be set 
by specialists of the GLAMS user based on the analysis of GLAMS test-mode operation. The 
warning may include activating the alarm system (light, sound, voice) in the landslide areas as 
well as transmission of voice or SMS information to the phone of the responsible person to be 
specified in advance by the GLAM user, automatic e-mail sending or alarm enabling on the 
operator panel. 
 
Using GeoDyn technology for monitoring and early warning systems for various types of 
landslides  
 
The GLAMS technology of monitoring and early warning can be used for all types of landslides, 
but with varying degrees of effectiveness. The difference in using the GLAMS technology for 
different types of landslides is mainly associated with the methods of installing GeoDyn stations 
within the landslide zone. Application of GLAMS is most effective for Slides and Topples 
landslide types since they more fully utilize all capabilities of the sensors. We proceed from the 
fact that a number of early precursors of landslide motion are observed in all types of landslides. 
These precursors include seismic-acoustic emission. Changes in other parameters: movements in 
the measurement point and tilts can only be registered for Slides and Topples landslide types. 
Sometimes they can be registered in a Debris Flows landslide type.  
To describe the tentative methodology of using GLAMS for different types of landslides, let us 
consider the example of the four most common types of landslides: Slides, Debris Flows, Rock 
Falls and Topples, shown in Fig.22. 
 

35 
 



 
Fig.22. Diagram of GLAMS installation on different types of landslides 

 
 
1. Slides  
 
As shown in Figure 22, on landslide sites of the Slide type, GeoDyn stations are deployed in 
such a way as to cover, if possible, all the main areas of the landslide as well as the area beyond 
its supposed borders. Establishing the stations outside the landslide body is necessary to record 
the background level of all the parameters and use it to compare with the parameters recorded by 
the stations directly on the landslide body. With this type of landslide, all sensors will be actively 
involved as it is preceded by the slow movement of the landslide body or its individual parts, 
deformations and tilts of the Earth surface, and seismic-acoustic emission as a result of dilatancy.  
 
2. Debris Flows  
 
With this type of landslide, the possible movement direction of mud and rock masses is typically 
known or can be determined according to the peculiarities of the relief. As a rule, they are 
distributed in the crevices between the elevated areas of the landscape. That is why GeoDyn 
stations must be installed beyond the possible flow path to avoid any damage by the moving 
mass. With this type of landslide, before its movements, seismic acoustic emissions will be 
recorded by the GeoDyn stations, associated with increased mechanical stress, the beginning of 
the movement of rock masses and mud flows in some small areas and as a result of dilatancy 
under the pressure of accumulated rock masses. In this period, if the landslide is large, slight tilts 
of the Earth surface of the surrounding areas may also be registered as a result of plastic 
deformation.  
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3. Rock Falls  
 
With this type of landslide, the GeoDyn stations must also be installed outside the danger zone. 
Usually, rock fall areas in landslides of the Rock Falls type are well known or can be determined 
in advance based on the analysis of the terrain. Therefore, to protect the stations from damage 
caused by falling stones and fragments of rock, sites for GeoDyn stations should be chosen on 
safe areas in the lower part of a landslide but not very far from the landslide itself and, if 
possible, on its surface, but far enough at a safe distance from the edge of the landslide. The 
stations used in this type of landslides will register, before the fall of stones and rocks, seismic 
acoustic emission associated with the process of dilatancy described above as well as with the 
fall of small stones, usually preceding the beginning of a rockfall.  
 
4. Topples  
 
When used GLAMS for the Topples landslide type, some GeoDyn stations should be placed at 
the bottom of the landslide at a safe distance from the falling and sliding blocks of rock. Other 
stations should be located on the surface of the landslide, at a safe distance from the front edge. 
With this type of landslides, all deployed GeoDyn stations must register before the landslide 
seismic acoustic emission as a result of dilatancy process and crumbling small stones and rock 
fragments. Stations located on the surface of the landslide body will be additionally recording 
movements (GPS) and tilts (Tiltmeter).  
Basic mandatory measures in applying GLAMS for all types of landslides.  
During monitoring of active landslides, the geodynamic situation constantly changes, 
moving parts of landslides alter the landscape and terrain, which requires constant 
adjustment of GeoDyn stations’ locations. Availability of circular view cameras in the 
complete set of all GeoDyn stations allows monitoring of changes in the landscape and 
terrain as well as the condition of the sites where the stations are deployed. The stations’ 
video monitoring system helps make the right decision in due time about the need to 
relocate a GeoDyn station.  
Validation activities  
 
To monitor and assess the quality of GLAMS forecasts, a system for management and control of 
the forecast reliability is provided for, the functional diagram of which is shown below. The 
control system implies involvement of end users and their access to the results of the expert 
evaluation of forecast quality. 
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Fig.23 

 

38 
 



 
Fig.24. 

 
This technology is designed for long-term real-time monitoring of large-scale landslides that 
represent a high level of risk to the lives of people, of large economic loss and destruction of 
increased hazard facilities: dams, water reservoirs, industrial plants, fuel depots and warehouses 
of toxic substances, major roads, etc. This technology will be developed for the conditions where 
the landslide-caused damage may significantly exceed the cost of GeoDyn real-time landslide 
monitoring and early warning systems. 
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Choosing a pilot site for testing GLAMS  
 
After discussions with local government organizations in Baku (Azerbaijan) and future users of 
the GLAMS technology, a landslide near the center of Baku (Azerbaijan) at the entrance to the 
village of Bail was chosen for implementation of a GLAMS pilot project. In the 1970’s this 
landslide destroyed the zoo and killed several animals. In 1980’s, another section of the same 
landslide destroyed part of the main highway and a Caspian Navy facility, claiming 22 lives. 
Moving of the Bail landslide in 1996 led to the destruction of a main highway, an automobile 
gasoline filling station and a large shipyard area, resulting in heavy economic damage and loss of 
life. In 2010, the landslide became active again, causing the residents of the surrounding houses 
to be evacuated. 
 

 
Fig. 25. Map of Baku indicating the landslide site in Bail area 

 
The main user of the GLAMS technology, which is the GEOS State Research Center has 
addressed SRIPSE with a letter with an official response, which calls for implementation of the 
NATO pilot project in the Bail landslide area of Baku. The letter and its English translation are 
attached to this project Plan (Annex 1 c). 
 
Risks and anticipated difficulties during the project  
 
In preparing this project, we have tried to minimize possible risks and difficulties. However, one 
of the project tasks is new and challenging to the developers and requires thorough examination: 
development and creation of the GeoDyn station’s autonomous power supply system. As stated 
in the project, in cases when a landslide area is away from sources of electricity, it is necessary 
to solve the problem of autonomous power supply for GeoDyn stations and communication 
systems for data transfer. Using for this purpose conventional electric generators running on fuel 
is wasteful and therefore unacceptable, so we have settled on using solar panels. Although there 
is a large selection of industrially made systems of solar-powered electricity sources, they have 
to be adjusted to the stations and this issue needs more careful consideration. 
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