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”Traditional” ground motion monitoring methods are based on field surveys. These methods include optical leveling, Global Position Systems, extensometers etc. During the last sixteen years the SAR Interferometric technique based on radar satellite data have become a useful tool for ground deformation detection and monitoring.  Radar is an active sensor that alternatively sends out radio waves in form of pulses and records the echoes scattered back by objects (targets) hit by the waves along their traveling path. Each echo (backscattered signal) is a modified version of the transmitted pulse through the reflectivity function of the target(s) seen on the ground. Since the transmitted signal is a complex quantity, also the signal received by the radar is complex. It is composed by the magnitude, which is related to the power scattered back toward the sensor by the target, and the phase, which is expressed by the two-way path distance between the sensor and the target. Both amplitude of the radar signal and phase carry valuable information for the interferometric applications.
The magnitude and the phase of the complex interferograms are generally referred to as the degree of coherence (or simply coherence) and the interferometric (InSAR) phase respectively. The coherence measures the degree of correlation between two SAR images. The interferometric phase image has values between 0 and 2π (or between -π and π depending on the representation used) and therefore appears as a series of fringes. Two consecutive fringes represent a phase difference of 2π. Areas of low coherence are characterized by noisy interferometric phase. Coherence is a measure of the phase noise or fringe visibility.
Since 1992, conventional 2-pass Differential InSAR (DinSAR) has been used by the scientific community to further study and understand specific ground deformation hazards. Normally this interferometric method is used to map ground deformation caused by a natural event like earthquake or landslide etc. What we need is the minimum of two SAR images one before and one after the event and also a Digital Elevation Model (DEM) of the area under study. The basic idea of differential interferometric processing is to separate the topography and displacement related phase terms allowing, in particular, the retrieval of a differential displacement map. This goal is achieved by subtracting the topography related phase using the DEM.

Conventional Differential Interferometric techniques show limitations related to land-cover dependent temporal signal decorrelation and atmospheric propagation effects. Furthermore, the applicability of this interferometric technique depends also on the magnitude of the deformation. Recent developments (end of 90’s) in differential interferometry have demonstrated some potential to overcome some of the above limitations of the conventional interferometry and also for more accurate and temporally dependent results. A version of the conventional interferometric procedure is the interferometric stacking. Stacking of differential interferograms aims at combining the information from several differential interferograms in order to extract common information. The most basic procedure is to compute linear combinations (generally sums or averages) of interferograms. Interferogram stacking is useful in overcoming shortcomings of conventional InSAR like low coherence over long temporal separations and atmospheric influence. The real revolution of the technique is the so-called Permanent or Persistent Scatterers Interferometry (PSI). By examining interferometric phase from stable, point-like targets, it is possible to monitor stability over areas that normally are characterized as “low coherence”.  Additionally, millimetric target displacements along the line of sight direction can be detected allowing measurement of slow terrain motion.  Different PSI techniques have been developed, including the Permanent Scatterers (PS) technique by TRE, the Interferometric Point Target Analysis (IPTA) by GAMMA, Stable Point Network by Altamira in collaboration with CNES and Coherent Target Monitoring by Vexcel Company of Canada. All these techniques demonstrated the potential for detecting and monitoring ground deformation mainly due to anthropogenic causes (water and oil pumping, mining etc). PSI analyses use linear displacement models (i.e. to detect ground motion that has occurred at a broadly constant rate over time) to extract points on which measurements can be made. This technique requires a large number of scenes and the information about deformation is not spatially continuous but in terms of points (point targets). A great advantage of the PSI is the possibility to create the deformation history for each point target in relation to the time covered by the scenes data set. 
Acoustic Emission

The Acoustic Emission (hereafter, AE) signal is released whenever some atomic bonds yield within a crystal structure, and the flaw propagates through the entire solid probe within which the crystals are embedded. Because of this, the AE recording device should be located on top of a rocky outcrop, which is the terminal of a huge “natural probe” of unknown extension underground.

Whenever a tectonic event changes the crustal stress, some crystal bonds yield causing an AE release. The intensity of the AE recorded signal depends on the (unknown) efficiency of the waveguide that transfers the AE signal from its source through the detector along the natural probe. The HF AE (i.e., 150÷200 kHz) will be the first observed, corresponding to the yield of some lesser and tiny pores of the solid body. As soon as such pores coalesce into comparatively larger pores, some progressively lower frequency (LF) AE will be observed. These LF AE (i.e., 25÷50 kHz) of progressively lower frequency will be later followed by mechanical vibrations of still lower frequency, until the seismic roar is heard, the vibration of mechanical structures occurs, and finally the seismic shock occurs. An earthquake, however, is not just a catastrophe that causes damages whenever some mechanical vibrations happen. It is, rather, the final event of a complex crustal phenomenon that must be investigated in all its aspects, beginning from its atomic level that releases some HF AE until the occurrence of the ‘catastrophe’.
It should be emphasized that this specific morphology of the AE release is independent of the size of the yielding structure, which determines the magnitude of the earthquake. Therefore, AE give precursor information, although they do not give information on the magnitude of the forthcoming earthquake. In addition, every kind of precursor (AE or other) presumes that a phenomenon is repeated, almost identically, on different occasions. In the case that the boundary conditions change, a sequence of precursor phenomena will be eventually interrupted. Hence, the AE information, which is characterized by a comparatively excellent signal/noise ratio, has to be correlated with other observational information, in order to envisage both the magnitude of the possible forthcoming event, and also whether the system is “quietly” following its expected evolution towards the final catastrophe.
The AE signal per se reveals the occurrence of some change in the stress field of the area. In addition, fractal analysis of the time series of the AE signals gives an effective indication of the state of fatigue of the solid rocks that are releasing the AE. Note that, when the resultant of all the forces in a body is zero, the body is said to be in equilibrium. This will be the case if it is at rest or moving with constant speed in a straight line. Both these cases are grouped under the common heading of problems in statics’. Consider some huge rock that  change its orientation with respect to the local gravity vector. The internal stress distribution shall change accordingly, eventually causing a release of AE. In fact, the intensity of the AE release depends (although not linearly) on the intensity of the applied stress. In contrast, a given material, when at different times is subjected to an identical stress, has a different response depending on its ageing, which depends on its fatigue. Such property is revealed by the type of time sequence of the observed AE signals. This time sequence characterizes the ageing of the material, hence its evolution towards its final yield. This is indepedent of the intensity of the AE signal, hence of the magnitude of the forthcoming catastrophe of the system. Therefore, in the language of the mathematician, in order to recognize the fatigue of the medium, we have to consider only a point-like process, independent of the intensity of the AE release. This was also shown by investigating several laboratory specimens of different kinds. As far as the geophysical applications are concerned, a great advantage was obtained from the possibility of comparing AE records collected from different geological settings, dealing either with crustal stress originated by some external (tectonic) cause (such as typically occurs in the case of earthquakes), or by some endogenous source (such as occurs in geothermal or volcanic areas). In addition, it was found that a great advantage derived from the possibility of comparing different natural environments with different laboratory simulations.
The case of Cephallonia

The Hellenic arc-trench system is a tectonically very active area formed 80 Ma BP (millions of years before present) as an oceanic subduction zone. Eventually, the area became a case history of interaction between two continental (African and Eurasian) masses. Cephallonıa is one of the Ionian islands in western Greece and it is located on the NW sector of this narrow zone of convergence. The Ionian basin is still being subducted to the south, under the Aegean domain, whereas, to the north, continental collision occurred between the Apulia microplate and the Hellenic foreland. Those two domains are linked by a major right–lateral NE–SW trending transform fault (KF), located offshore, west of the island. Cephallonıa, geologically, is built up mainly by alpine Mesozoic– Cenozoic sedimentary rocks belonging to the external units of the Hellenides. During the Neogene, they were part of the Hellenide fold-and-thrust belt. On top of them, mainly in the south-southwestern sector of the island, younger Plio-Quaternary sediments lay uncomformably. The deformation of the Alpine stage is recorded mainly by thrusts with NW–SE orientation. These older structures are crosscut by more recent NE–SW trending faults, which in some cases exhibit a significant right–lateral movement.
Evaluation and experience based on Cephallonia island case
Cephallonia island undoubtedly is a very complicated case history. The considered SAR interferometry and AE techniques provide evidences that appear in agreement with each other, although no final conclusion seems as yet possible. The “large-scale” information, derived from satellite remote sensing and DEM analysis, lacks any adequate time resolution. In contrast, the field records (AE and soil exhalation) have a good time resolution and an excellent signal/noise ratio, although they are registered in point-like stations, and one should need for an array of recording points for getting information valuable for geophysical inference. It appears fundamental to monitor both space and time gradients, particularly in a very complicated tectonic setting such as that of Cephallonia. For sure, crustal stress propagates through the island, it interacts with (or it generates) the highly complicated faulting or seismic activity, etc. The number of degrees of freedom, however, is very large, and no simple or even intuitive model can be inferred from the present available database. Different areas, characterised by comparatively much different tectonic setting and activity, cannot be simply compared with each other. In any case, much like one must study first the river flow regime in order to understand its eventual floods, much in the same way, one must investigate crustal stress propagation before understanding the final “catastrophes”, i.e. earthquakes.
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Figure above. (a) through (e) top to bottom, left to right: HF AE (left column), LF AE (right column), and Rn exhalation (bottom). The second row shows the fractal dimension Dt vs. date, dealing with a reduced time interval. Please, note the generally decreasing trend of the LF AE Dt until the early days of August 2003 when the Lefkas 6.3 M earthquake occurred (August 14th 2003). Moreover, it must be pointed out that large HFAE changes are correlated with rapid Rn flux increase (Bq indicates Becquerel, unit for radioactivity).
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Figure above. Evidence of uplift in the southern and western parts of Cephallonia is inferred from ASAR images based on specific analysis of the Stacking Differential Interferometric (DInSAR) technique. Preliminary analysis of the 12 ASAR images, available so far on the island and covering the period June 2003 to November 2008, indicates that the area of the normally subsiding southern part (downthrow) of the NWSE inverse trending fault seems to be subjected to uplift since 2003 with a rate of 3-5mm/yr (blue to red color).
Evaluating the experience from Cephallonia case study, we conclude that the two techniques are neither complementary nor completely independent, but their simultaneous application seems to be very interesting especially if it is accompanied with other techniques (radon, GPS etc). After a long discussion on how these two techniques could be involved in the same research, different hypotheses have been evaluated. 

It is sure that the SAR technique gives the best results in urban areas, while AE in both rural and urban sites. Our future scientific collaboration is focused on two cases both in urban environment:
· First, to monitoring buildings with problems of stability

· Second, to monitoring sites of heritage in areas of ground deformation susceptibility. 
The transfer of large parts of population from rural areas to cities is provoking a growing trend toward urbanization. 
This controls the transformation processes of urban and regional systems in modern societies, which cannot disregard the analysis of costs associated with assessing the risk of deterioration, including structural, building heritage involved in transformation. The deterioration is due to the construction of buildings with low-level techniques and safety, as well as to the response of the affected areas to the abnormal exploitation of land and water resources. 

Numerous and important are the studies on how to lead change, but it is especially important to analyze and control the expansion areas of cities and buildings themselves to ensure their safety. 

Urban areas are vulnerable to risks, especially if they are located in zones subjected to landslides, earthquakes, floods etc.

To this purpose, a “Major Importance” proposal, entitled: “Risk evaluation of structural deterioration in buildings located in urban areas, by means of SAR Interferometry and passive Acoustic Emission”, has been submitted by the CNR IDASC (having as a partner Dr. Parcharids) to the Italian Foreign Minister, in the framework of the Joint Research Projects as part of Science and Technology Cooperation between Italy and Argentina. 

