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ABSTRACT. It was reported earlier that water level periodic variation in a high dam reservoir may lead to the
synchronizing influence on local seismic activity. Taking into account that phase synchronization is not related to
strong functional relationships, in the present study small dynamical changes in seismic activity caused by water
level variation were investigated.

For this purpose the recurrence quantitative analysis (RQA) approach was used. Analysis was carried out on
data sets of water level daily variation and released daily seismic energy.

It was shown that when the external influence on the earth’s crust caused by reservoir water becomes periodic
the extent of the regularity of earthquake daily distribution essentially increases. © 2007 Bull. Georg. Natl. Acad. Sci.
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In the present work the character of dynamical
changes in the regional seismic activity under phase
synchronizing influence of water level variation in a large
reservoir was investigated.

Investigation of dynamical aspects of the influence
of large water reservoirs on the generation of local earth-
quakes is one of the well recognized scientific and prac-
tical problems [1-3]. Reservoir induced seismicity (RIS)
has been observed at many reservoirs. At the same time,
the character of influence in the time period following
the initial RIS activity is still an open problem.

In our previous research based on field and labora-
tory data the evidence was presented showing that the
decrease of seismic energy after  RIS period may be
caused by the periodic variation of the water level in the
large reservoir [4]. As far as we deal with the weakest
form of synchrony - phase synchronization [5], in the
present work we aimed to investigate the character of

dynamical changes in regional seismic activity caused
by the influence of water level periodic variation in the
large reservoir.

 The data sets of water level variation and seismic
activity around Enguri high dam, used in the present
study,  were obtained from data bases of the M. Nodia
Institute of Geophysics (Georgia). Namely, daily water
level variation data were gathered at the Enguri high
dam reservoir located in Western Georgia, Caucasus
(42.030 N, 42.775 E) in 1973-1995. Data sets of daily oc-
curred earthquakes and released daily seismic energy
were taken for magnitude threshold 6.1≥M  within 90km
around the reservoir. Time series of sequences of mag-
nitudes and time intervals between consecutive earth-
quakes, unevenly sampled for 1973-1995, were analyzed.

To investigate dynamical changes in target pro-
cesses the Recurrence Quantitative Analysis (RQA)
method was used. RQA is convenient for nonstationary
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and short real data sets [6]. In the present study recur-
rence determinism - DET(t) measure based on the analy-
sis of diagonally oriented lines in the recurrence plot
has been calculated [7].

According to recent publications, the dynamics of
earthquake-related processes in the earth’s crust are rec-
ognized as non-random, having both low and/or high
dimensional nonlinear structures [8, 9]. One of the char-
acteristic properties of processes in non-random sys-
tems, which are close to the critical state, is their high
sensitivity to initial conditions as well as to relatively
weak external influences. This is a general and very im-
portant property of practically unpredictable seismic pro-
cesses. Indeed, insofar as we are not able to govern the
initial conditions of lithospheric processes, even possi-
bility in principle of controlling of the dynamics of seis-
mic processes has immense scientific and practical sig-
nificance. The way towards understanding such control
mechanism lies through investigation of the dynamics
of seismic processes, when a small external influence
leads to phase synchronization.

The phase synchronization between water level pe-
riodic variation and seismic activity, observed in our
previous and present studies, is recognized as the weak-
est form of synchrony when interacting nonlinear oscil-
lators remain largely uncorrelated. Generally, interacting

systems may have different dynamical features [5]. It is
most important that, contrary to other forms of syn-
chrony which lead to an increase of order in the
behaviour of the synchronized system, phase synchro-
nization does not require strong coupling between in-
volved processes. This in turn means that the presence
of order and character of the changes in dynamics of a
phase synchronized system is not obvious.

We used RQA to investigate the character of dy-
namical changes in seismic process. As follows from
our RQA results, when an external influence on the
earth’s crust caused by a water reservoir becomes peri-
odic, the extent of the regularity of earthquake daily dis-
tribution (estimated as %DET) essentially increases (see
Fig. 1b, bold line). This result was tested by comparing
it with the surrogate data. It is important to mention that
the influence of an increasing amount of water and its
subsequent periodic variation essentially affects also the
character of earthquakes magnitude and temporal distri-
bution (see Fig. 1,c). The extent of order in the temporal
(Fig. 1d, black columns) and magnitude (grey columns)
distribution of the earthquakes,  calculated as the value
of %DET, substantially increases when the reservoir in-
fluence becomes periodic. Results of %DET calculation
of corresponding surrogates are always less than 50%

Fig. 1. a. Variation of water level in Enguri high dam reservoir above sea level in 1978-1995. b. RQA %DET of daily number of
earthquakes calculated for consecutive one year sliding windows, c. Cumulative sum of released daily seismic energy. d. RQA
%DET of magnitude (black columns) and interearthquake time interval (grey columns) sequences  (1) before impoundment,
(2) during flooding and reservoir filling and (3) periodic change of water level in reservoir.
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of the original values (not shown here). It is interesting
to note that the dynamics of earthquakes temporal and
energetic distributions changes even under water level
irregular variation, though not so much as under peri-
odic variation.

Based on the results of our investigation, we con-
clude that the order in the dynamics of earthquakes daily
occurrence, as well as in earthquake’s temporal and en-
ergetic distributions increases when water level varia-
tion becomes periodic.

geofizika

enguris wyalsacavSi wylis donis variaciiT
gamowveuli lokaluri seismuri energiis
gamoTavisuflebis mowesrigebulobis xarisxis zrda

v. abaSiZe*, z. javaxiSvili*, T. xuciSvili*, e. mefariZe*, n. Jukova*,
T. WeliZe**, T. maWaraSvili*

* m. nodias geografiis instituti, Tbilisi
** akademiis wevri, m. nodias geografiis instituti, Tbilisi

Cvens winandel naSromebSi naCvenebi iyo, rom did wyalsacavSi wylis donis periodulma variaciam
SesaZloa gamoiwvios lokaluri seismuri aqtivobis fazuri sinqronizacia. imis gaTvaliswinebiT,
rom fazuri sinqronizaciisas procesebs Soris funqcionaluri kavSiri sustia, Cven am naSromSi
miznad davisaxeT Segveswavla Tu rogor icvleba seismuri procesis dinamikuri maxasiaTeblebi
wyalsacavSi wylis donis variaciis sxvadasxva reJimSi.

naCvenebi iqna, rom wyalsacavSi wylis donis perioduli variacia ganapirobebs miwisZvrebis
raodenobisa da gamoyofili energiis ganawilebis procesis mowesrigebulobis xarisxis zrdas.

REFERENCES

1. D. Simpson, W. Leith, C. Scholz (1988), Bulletin of the Seismological Society of America, 78, 2025-2040.
2. M. Assumpção, V. I. Marza, L.V. Barros, C. N. Chimpliganond,  J. E. P. Soares, J. M. Carvalho, D. Caixeta, A. Amorim,

E. Cabral (2002), Pure Applied Geophysics, 159, 597–617.
3. A. F. Nascimento, P. A. Cowie, R. J. Lunn, G. Pearce (2004), Geophysical Journal International, 158, 1041-1052.
4. J. Peinke, T. Matcharashvili,  T. Chelidze, J. Gogiashvili, A. Nawroth, O. Lursmanashvili, Z. Javakhishvili (2006), Physics

of the Earth and Planetary Interiors, 156/1-2, 130-142.
5. D.  Pazo,  M. A. Zaks, J.  Kurths (2003), Chaos, 13, 309-318.
6. J. P. Zbilut, C. L. Jr. Webber (1992), Physics Letters A, 171, 199-203.
7. N. Marwan, N. Wessel, U. Meyerfeldt, A. Schirdewan, J. Kurths (2002), Physical Review E, 66, 026702.1-026702.8.
8. T. Matcharashvili, T. Chelidze, Z. Javakhishvili (2000), Nonlinear Processes  in Geophysics, 7, 9-19.
9. J. Rundle, D. Turcotte, W. Klein (2000), (eds), Geocomplexity and the Physics of Earthquakes, American Geophysical

Union, Washington.

Received February, 2007


	Mathematics & Physical  Sciences
	. Ultra-Newtonian Gravitation 
	niutonis zegravitacia  
	On Stable Quaternionic Polynomials 
	mdgradi kvaternionuli polinomebis Sesaxeb 
	Efficient Solution of BVPs of Thermoelasticity for  Half-Plane 
	Termodrekadobis gantolebaTa sistemis ZiriTadi sasazRvro amocanebis efeqturi amoxsna naxevarsibrtyis SemTxvevaSi 
	On the Probability of Collisions of Interplanetary  Space Vehicles with Meteors 
	meteorebTan saplanetTaSoriso xomaldis Sejaxebis albaTobis Sesaxeb 
	physics
	 On Vortex Model of Planet Formation  in Keplerian Disks 
	keplerul diskebSi planetebis warmoSobis grigaluri modelis Sesaxeb 
	Mechanics
	
	meqanikuri sistemebis rxeviTi  procesebis da racionaluri  daproeqtebis modelirebis  inJinruli meTodebi 48
	
	
	enguris wyalsacavSi wylis donis variaciiT gamowveuli lokaluri seismuri energiis gamoTavisuflebis mowesrigebulobis  xarisxis zrd
	Measures for Predicting Accidents  at Hydraulic Engineering Structures  and their Prevention 
	c. mircxulava. 
	Petrology
	On Genetic Identity of Rkvia and Beretisa Granitoid Intrusives (Dzirula massif) 
	
	Function of the Yeast Rad57 Protein  Depends on a Conserved Lipid-Binding  Motif 78
	
	Heavy Metal Pollution of Soils and Food Crops  due to Mining Wastes in the Mashavera River Valley 
	p. feliqs-heningseni, T. uruSaZe,  e. narimaniZe, l. vismani, s. stefensi,  b. kalandaZe. 
	Revascularisation of Arterial Prosthesis and Autovenotransplant 107
	arteriis proTezis da autovenis transplantatis revaskularizacia 
	
	sisxlis arteriuli wnevis kavSiri intraperitonealurad Seyvanili  insulinis absorbciasTan, 
	History & Philology
	The "Principle of Complementarity"  and the Nature of the Linguistic Sign 
	50.pdf
	Mathematics & Physical  Sciences
	. Ultra-Newtonian Gravitation 
	niutonis zegravitacia  
	On Stable Quaternionic Polynomials 
	mdgradi kvaternionuli polinomebis Sesaxeb 
	Efficient Solution of BVPs of Thermoelasticity for  Half-Plane 
	Termodrekadobis gantolebaTa sistemis ZiriTadi sasazRvro amocanebis efeqturi amoxsna naxevarsibrtyis SemTxvevaSi 
	On the Probability of Collisions of Interplanetary  Space Vehicles with Meteors 
	meteorebTan saplanetTaSoriso xomaldis Sejaxebis albaTobis Sesaxeb 
	physics
	 On Vortex Model of Planet Formation  in Keplerian Disks 
	keplerul diskebSi planetebis warmoSobis grigaluri modelis Sesaxeb 
	Mechanics
	
	meqanikuri sistemebis rxeviTi  procesebis da racionaluri  daproeqtebis modelirebis  inJinruli meTodebi 48
	
	
	enguris wyalsacavSi wylis donis variaciiT gamowveuli lokaluri seismuri energiis gamoTavisuflebis mowesrigebulobis  xarisxis zrd
	Measures for Predicting Accidents  at Hydraulic Engineering Structures  and their Prevention 
	c. mircxulava. 
	Petrology
	On Genetic Identity of Rkvia and Beretisa Granitoid Intrusives (Dzirula massif) 
	
	Function of the Yeast Rad57 Protein  Depends on a Conserved Lipid-Binding  Motif 78
	
	Heavy Metal Pollution of Soils and Food Crops  due to Mining Wastes in the Mashavera River Valley 
	p. feliqs-heningseni, T. uruSaZe,  e. narimaniZe, l. vismani, s. stefensi,  b. kalandaZe. 
	Revascularisation of Arterial Prosthesis and Autovenotransplant 107
	arteriis proTezis da autovenis transplantatis revaskularizacia 
	
	sisxlis arteriuli wnevis kavSiri intraperitonealurad Seyvanili  insulinis absorbciasTan, 
	History & Philology
	The "Principle of Complementarity"  and the Nature of the Linguistic Sign 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




