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ABSTRACT 11 

Following the paper by Fraser-Smith et al. (1990), many scientists have focused their 12 

research on the ULF geomagnetic field pulsations in the hope of finding possible anomalous 13 

signals caused by the seismic activity. Thereafter, many papers have reported ULF 14 

geomagnetic field polarization ratio increases which have been claimed to be related to the 15 

occurrence of moderate and strong earthquakes. Even if there is no firm evidence of 16 

correlation between the polarization ratio increase and seismic events, these publications 17 

maintain that these “anomalous“ increases are without doubt precursors of pending 18 

earthquakes. Furthermore, several researchers suggest that these seismogenic signals may be 19 

considered a promising approach towards the possibility of developing short-term earthquake 20 

prediction capabilities based on electromagnetic precursory signatures. On the contrary, a part 21 

of the scientific community emphasizes the lack of validation of claimed seismogenic 22 

anomalies and doubt their association with the seismic activity. Since earthquake prediction is 23 

a very important topic of social importance, the authenticity of earthquake precursors needs to 24 

be carefully checked. The aim of this paper is to investigate the reliability of the ULF 25 

magnetic polarization ratio changes as an earthquakes’ precursor. Several polarization ratio 26 

increases of the geomagnetic field, which previous researchers have claimed to have a 27 

seismogenic origin, are put into question by a qualitative investigation. The analysis takes into 28 
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account both the temporal evolution of the geomagnetic field polarization ratio reported in 29 

previous papers, and the global geomagnetic activity behaviour. Running averages of the 30 

geomagnetic index Kp are plotted onto the original figures from previous publications. 31 

Moreover, further quantitative analyses are also reported. Here, nine cases are investigated 32 

which include seventeen earthquakes. In seven cases it is shown that the suggested association 33 

between the geomagnetic field polarization ratio increases and the earthquake preparation 34 

process seems to be rather doubtful. More precisely, the claimed seismogenic polarization 35 

ratio increases are actually closely related to decreases in the geomagnetic activity level. 36 

Furthermore, the last two investigated cases seem to be doubtful as well, although a close 37 

correspondence between polarization ratio and geomagnetic activity cannot be 38 

unambiguously demonstrated. 39 

 40 

Keywords: Earthquake precursors, Short-term earthquake prediction, Geomagnetic field, 41 

Seismology. 42 

 43 

1. Introduction  44 

The possibility of developing short-term earthquake prediction capabilities is one of the 45 

challenges of the Earth science but also one of the principal controversial main themes of 46 

discussion in the scientific community. Successful prediction could reduce both the number of 47 

victims and damages caused by earthquakes. Short-term earthquake predictions have been the 48 

topic of several scientific debates (Main, 1999) but at present their realization is rather 49 

remote. In order to be useful, short-term earthquake prediction requires reproducible 50 

earthquake precursors which provide real-time information regarding intensity, location and 51 

time of the predicted earthquake together with error estimates for each parameter. Therefore, 52 
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how to identify reliable earthquake precursors is a very important key in the hope of 53 

developing earthquake prediction capability. 54 

Several researchers (e.g. Hayakawa et al., 2007; Uyeda et al., 2009; Hayakawa and 55 

Hobara, 2010) maintain that the preparation process of strong earthquakes could generate 56 

electromagnetic signals and suggest that the investigation of these precursors is one of the 57 

most promising approaches toward the realization of short-term earthquake prediction. While 58 

electromagnetic signals related to earthquake rupture strongly depend on earthquake 59 

magnitude, local geology, depth of hypocentre, distance between epicentre and point of 60 

observation, and azimuth to the rupture plane, it is not at all clear that precursive behaviour 61 

occurs. Several papers (e.g. Johnston, 1997; Mueller and Johnston, 1998; Johnston et al., 62 

2006) report the observation of co-seismic electromagnetic phenomena within a few tens of 63 

kilometres of earthquake epicentres that are clearly related to earthquake rupture. However, 64 

no indication of precursive behaviour is apparent in the minutes or months before any of these 65 

events in electromagnetic or other seismic and geodetic data (Johnston et al., 2006). On the 66 

other hand, many other publications (e.g. Eftaxias et al., 2001; Pulinets and Boyarchuk, 2004; 67 

Varotsos, 2005; Molchanov and Hayakawa, 2008; Eftaxias et al., 2009) claim to observe 68 

electromagnetic earthquake precursors, sometimes many hundreds of kilometres from the 69 

earthquake, but with no clear co-seismic or post response effects. As a consequence, many in 70 

the scientific community doubt of the reality of claimed seismogenic electromagnetic signals 71 

and seriously question the claimed ability to develop short-term earthquake prediction 72 

capabilities using these precursory signatures. The principal criticisms of these researchers 73 

relate to: the absence of independent validation in other geophysical data; the lack of 74 

repeatability and reproducibility of the claimed precursory signals; failure to show that the 75 

claimed pre-seismic signals are not just chance events, random noise or global disturbances; 76 

and discussion as to why precursory signals should occur without the expected larger co-77 
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seismic signals (see Geller, 1997; Geller et al., 1997; Kagan, 1997; Pham and Geller, 2002; 78 

Johnston et al., 2006). 79 

During the last twenty years several authors (e.g. Hayakawa et al., 2007; Fraser-Smith, 80 

2008, and reference therein) have suggested investigating ULF (Ultra-Low- Frequencies: 81 

0.001-10Hz) magnetic emissions as a promising approach to highlight seismogenic signals. 82 

ULF magnetic waves result from superposition of different signals. These include natural 83 

signals from solar-terrestrial interaction, man-made noise, and signals possibly generated in 84 

the Earth’s interior. However, the majority of ULF emissions have a magnetospheric origin, 85 

whereas any seismogenic signals should be very weak. Different methods of analysis have 86 

been considered to discriminate the low ULF crustal signals from other signals (see Hattori et 87 

al., 2004 and Hayakawa et al., 2007 and references therein). Moreover, several physical 88 

mechanisms have been proposed to account for the generation of ULF magnetic seismogenic 89 

emissions (e.g. Fenoglio et al., 1995; Molchanov and Hayakawa, 1995; Draganov et al., 1991; 90 

Merzer and Klemperer, 1997; Molchanov et al., 2004b; Simpson and Taflove, 2005), but none 91 

of them can be considered completely satisfactory (Thomas et al., 2009a).  92 

One of the most well-known seismogenic ULF magnetic field anomaly claims has been 93 

reported by Fraser-Smith et al. (1990) as a precursor of the 18 October 1989 Ms=7.1 Loma-94 

Prieta, California, earthquake. After this paper, ULF magnetic anomalies were claimed to be 95 

related to strong earthquakes by several authors (e.g. Molchanov et al., 1992; Kopytenko et 96 

al., 1993; Hayakawa et al., 1996). In retrospect, some researchers seriously doubt the 97 

authenticity of the Loma-Prieta precursor. They maintain that the ULF magnetic field 98 

anomaly reported by Fraser-Smith et al. (1990) could actually be caused by instrumentation 99 

malfunction (Thomas et al., 2009a) or that it is generated by normal geomagnetic activity 100 

(Campbell, 2009). Furthermore, Masci (2010) put in doubt the reliability of fractal magnetic 101 

ULF signatures in the geomagnetic field that previous publications have claimed to be related 102 
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without doubt to the preparation process of strong earthquakes by showing that these fractal 103 

“anomalies” are likely caused by normal geomagnetic activity. In light of this, in attempting 104 

to resolve the problem of clearly identifying reliable earthquake precursory signals, a closer 105 

inspection concerning the presence of seismogenic signals in geophysical data sets is 106 

required.  107 

In the next section, the reliability of ULF geomagnetic field polarization ratio increases 108 

which previous papers related to the seismic activity is investigated.  109 

 110 

2. Polarization ratio analysis 111 

Many researchers (e.g. Hattori, 2004; Hattori et al., 2004; Hayakawa et al., 2007) 112 

consider the investigation of ULF geomagnetic field polarization ratio to be a key parameter 113 

which allows us to detect possible magnetic seismogenic signals.  114 

If H, D, and Z represent the variations (nT) of the geomagnetic field components 115 

around the NS, EW, and vertical direction respectively, then  22 DHG +=  is the total 116 

horizontal variation of the geomagnetic field (Kopytenko et al., 1991). In a fixed range of 117 

frequency, the magnetic polarization ratio is defined as the ratio between the integrated power 118 

P (nT2) of the vertical component and the one of the horizontal component, that is: PZ/PH, 119 

PZ/PD, and PZ/PG. In any case, hereafter we refer to the polarization ratio as Z/H, Z/D, and 120 

Z/G. Sometimes polarization ratio is defined as the ratio of the amplitudes (nT), that is the 121 

square root of the integrate powers, or other authors (e.g. Hattori et al., 2002) report the ratio 122 

of the spectral intensities ( HznT ). As a matter of fact, this method is not really a 123 

"polarisation analysis" (where polarisation azimuth and ellipticity are available), but merely 124 

the calculation of the ratio between the vertical and the horizontal components of the 125 

geomagnetic field. However, here we refer to this ratio as “polarization ratio” as has been 126 
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used in previous papers. The fundamental assumption of this methodology is that presumed 127 

ULF magnetic seismogenic emissions prevail in the vertical direction, contrary to ULF 128 

signals of magnetospheric origin which typically have horizontal components larger than the 129 

vertical one. Therefore, the ULF magnetic polarization ratio should increase in 130 

correspondence with seismogenic magnetic emissions, whereas it is relatively small for 131 

geomagnetic pulsations.  132 

Usually the possible seismogenic electromagnetic radiation, which could affect the 133 

ULF signals amplitude on the ground surface, may be distinguished between the direct 134 

radiation from the earthquake hypocentre region (see Fenoglio et al., 1995; Molchanov and 135 

Hayakawa, 1995) and the indirect effect on the ULF signals of external origin due to the 136 

variation of the electric Earth’s crust conductivity caused by seismic activity (see Merzer and 137 

Klemperer, 1997). In addition, several authors maintain that a further contribution to observed 138 

polarization ratio increases could be related to the depression of the geomagnetic field 139 

horizontal components caused by indirect mechanisms of lithosphere-atmosphere-ionosphere 140 

coupling which take place during seismic activity (see Molchanov et al., 2004b).  141 

Even though many papers report examples of ULF polarization ratio increases before 142 

the earthquake occurrence, several problems remain concerning the reliability of these 143 

“anomalous” signals. An issue of the fundamental importance is how to separate the possible 144 

ULF seismogenic signals from other signals such as natural signals (geomagnetic pulsations 145 

caused by solar-terrestrial interaction, thunderstorms, etc.) and the artificial noise caused by 146 

human activities (DC electric trains, power lines, etc.). The man-made noise can be reduced 147 

by focusing the analysis only on night-time data. On the contrary natural signals might not be 148 

eliminated using this method. Since the majority of ULF emissions result from 149 

magnetospheric disturbances, caused by the interaction of the solar wind with the Earth’s 150 

magnetosphere, the simplest way to check the real presence of non-space signatures in the 151 
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geomagnetic field is comparing the ULF signals with the global geomagnetic activity 152 

behaviour (Masci, 2010). More precisely, several publications (see Saito, 1969 and references 153 

therein) show that the amplitude of ULF geomagnetic field continuous micropulsations (PCs) 154 

have a clear positive relation with Kp index, which is representative of average disturbances 155 

of the planetary geomagnetic field. This positive relation is evident mainly in PC2, PC3 and 156 

PC4 bands. Note that the ULF seismogenic signals here put into question are observed in these 157 

bands of frequency. Therefore, if we demonstrate a close correspondence between the time-158 

series of a ULF geomagnetic field parameter and the Kp index we can affirm that the changes 159 

of the geomagnetic field parameter is mainly caused by the variation of the geomagnetic 160 

activity or, more precisely, it is due to non-earthquake sources.       161 

In the following sections several cases of the ULF geomagnetic field polarization ratio 162 

increases, which previous researchers have claimed to be related without doubt to earthquake 163 

occurrences, are put into question by comparing their temporal evolution with the 164 

geomagnetic behaviour of Kp index. Furthermore, for the first two cases the linear residual 165 

time-series and the correlation coefficient between polarization ratio and Kp index have been 166 

calculated by digitalizing the published figures. 167 

 168 

2.1 Guam earthquake 1993 169 

On 8 August 1993, a strong earthquake (Mw=7.7, depth=60km) occurred offshore the 170 

island of Guam. In the hope of finding possible magnetic earthquake precursors, Hayakawa et 171 

al. (1996) performed polarization ratio analysis in the frequency band [0.01-0.05]Hz. They 172 

analysed the ULF (1Hz sampling rate) geomagnetic field data of Guam observatory, which is 173 

located about 65 km away from the earthquake epicentre. To reduce man-made noise, the 174 

authors focused their investigation on the night period [22:00-02:00]LT. The principal claim 175 

of Hayakawa et al. (1996) is an “anomalous” increase in the polarization ratio Z/H which 176 
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occurs during the period before the earthquake date. Hayakawa et al. (1996) also maintain the 177 

presence of an enhanced maximum in the polarization ratio two months before the seismic 178 

event (see Fig. 1, panel (a)). According to these authors, this maximum may be strong 179 

evidence of magnetic precursory signals caused by the earthquake preparation process. As a 180 

matter of fact, Thomas et al. (2009b) seriously put into question the reliability of Hayakawa et 181 

al. (1996) conclusions by performing new analysis and comparing Guam data with data 182 

coming from the geomagnetic observatory of Kakioka, Japan.  The results of Thomas et al. 183 

(2009b) are shown in Fig. 1 and can be summarized in the following three points: 1) problems 184 

of analysis have been found in Hayakawa et al. (1996) since the new analysis does not match 185 

the previous one (compare panel (a) and panel (b) of Fig. 1); 2) Guam and Kakioka data show 186 

a significant correlation with the geomagnetic activity. More precisely, both Guam and 187 

Kakioka geomagnetic field horizontal components show a similar temporal behaviour of the 188 

Kp index (see Thomas et al., 2009b, Fig. 1); 3) no clear seismogenic signatures have been 189 

highlighted in the Guam data.  The authors conclude that the Z/H ratio increase, which 190 

occurred before the Guam earthquake is caused by the normal global geomagnetic activity, 191 

therefore it is not related to the earthquake occurrence.  192 

To verify Thomas et al. conclusions, the temporal evolution of the geomagnetic index 193 

Kp daily sum (�Kp) is superimposed onto the panel (b) of Fig. 1. Both the 5-day running 194 

average and the 6th order polynomial fitting of �Kp are reported in the figure. Consider that 195 

�Kp vertical axis is descending.  As a matter of fact, the 5-day running average confirms the 196 

close inverse correspondence between the Guam polarization ratio and the geomagnetic 197 

activity level:  on average Z/H increases (decreases) when �Kp decreases (increases). 198 

Moreover, all the principal maxima of the Guam polarization ratio can be undoubtedly 199 

associated with the geomagnetic activity. Furthermore, the 6th order polynomial fitting 200 

highlights that also the slow increase, which the polarization ratio shows the period before the 201 
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Guam earthquake, mainly depends on the geomagnetic activity. Thus, as previously pointed 202 

out by Thomas et al., its association with the seismicity seems to be rather inappropriate.  203 

As further confirmation of previous mentioned conclusions, Guam polarization ratio 204 

data are drawn out by digitalizing the figure of Thomas et al. (here panel (b) of Fig.1). The 205 

correlation coefficient (-0.7) shows that Guam Z/H ratio and �Kp time-series are generally 206 

well correlated with each other during the period before the earthquake data; its negative 207 

value demonstrates the inverse correspondence. This shows that, the period before the 208 

earthquake occurrence, Guam ULF Z/H variations are mainly caused by changes of the global 209 

geomagnetic activity. On the other hand, the correlation coefficient between Guam Z/H ratio 210 

and �Kp time-series is lower (- 0.4) in the period after the earthquake date. Thomas et al. 211 

show similar results by calculating the correlation coefficient between Guam H component 212 

and Kp index. As previously shown by the qualitative investigation, Z/H and �Kp time-series 213 

have similar trends. This can be demonstrated calculating their linear relationship (Thomas et 214 

al., 2009b). This relationship is: Z/H = - 0.083 x �Kp + 0.57. In Fig. 1, panel (e), the linear 215 

residual time-series is reported. Here we see that on average the residual time-series is mainly 216 

flat and does not show any anomalous signature which could be related to the seismic activity 217 

of the Guam area. Moreover, the root mean square (0.06) of the residual is much lower, as 218 

Thomas et al. pointed out, than the year-long trend (≈ 0.2) of the Guam Z/H time-series.         219 

 220 

2.2 Biak earthquake 1996 221 

On 17 February 1996, a strong earthquake (Mw=8.2, depth=20km) struck Biak island, 222 

Indonesia. Hayakawa et al. (2000) investigated the ULF geomagnetic field polarization ratio 223 

behaviour at two observatories: Biak and Darwin, Australia, located respectively about 100 224 

km and 1200 km away from the earthquake epicentre. The authors analysed the ULF 225 

geomagnetic signals, in the frequency band [5-30]mHz and during the night period [22:00-226 
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04:00]LT, maintaining that the Biak polarization ratio Z/H shows two anomalous increases 227 

about 1.5 months and 2 weeks before the earthquake occurrence. On the contrary Darwin Z/H 228 

ratio does not show corresponding increases. Hayakawa et al. (2000) concluded that the 229 

enhancements of the Biak polarization ratio are seismogenic precursory signatures of the 230 

forthcoming earthquake. Figure 2a shows the ±5-day running average of the polarization 231 

ratios as reported by Hayakawa et al. (2000). Dashed green circles on the original view 232 

highlight the two polarization ratio increases. To investigate the reliability of these results, the 233 

±5-day running average of �Kp has been superimposed onto the Biak panel. Figure 2a shows 234 

that the two increases of the polarization ratio actually correspond to decreases of �Kp. Thus, 235 

the claimed precursory signals seem to be once again mainly related to the geomagnetic 236 

activity level. As a matter of fact, a close inverse correspondence between polarization ratio 237 

and geomagnetic activity cannot be unambiguously demonstrated during the whole period. In 238 

any case, since Kp index is representative of the geomagnetic field activity over global scales, 239 

a strict correspondence between polarization ratio and ΣKp cannot always exist, otherwise the 240 

geomagnetic field polarization ratio pattern should be the same in all the observation sites 241 

(refer also to the comments reported in section 3).  242 

 As for the Guam case, Biak polarization ratio values are drawn out by digitalizing the 243 

figure of Hayakawa et al. (2000) (here upper panel of Fig. 2a). However, looking at Fig. 2 it is 244 

evident that there is a good inverse correspondence between Biak Z/H ratio and �Kp time-245 

series the period after the middle of December 1995, but on the contrary the correlation fails 246 

before this period. This is confirmed by the calculation of the correlation coefficient between 247 

Z/H and �Kp: (0.22) before the middle of December 1995 and (-0.64) after this period. In any 248 

case, the correlation coefficient shows that a good inverse correspondence between Z/H and 249 

�Kp really exists during the period of the claimed seismogenic “anomalies” occurrence. In 250 

light of this, we have calculated the linear relationship between Z/H ratio and �Kp time-series 251 
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after the middle of December 1995. This relationship is: Z/H = - 0.0019 x �Kp + 0.56 (root 252 

mean square = 0.05). The little panel at the top of Fig. 2a reports the residual time-series. Also 253 

in this case no seismogenic anomaly may be stated. 254 

Furthermore, Hayakawa et al. (2000) seem to show inconsistencies in their results as 255 

well. Figure 2b reports the geomagnetic field components H and Z observed at Biak and 256 

Darwin as shown by Hayakawa et al. (2000). The authors report, in unspecified units, the 257 

ULF wave activity (see Hayakawa et al., 2000 for details) of the geomagnetic field 258 

components integrated in the frequency band [5-30]mHz. We note that Z and H values 259 

reported in Fig. 2b do not correspond with Z/H values of Fig. 2a. More precisely, In Fig. 2b 260 

the differences between Z and H are very small during the whole period, thus the ratio Z/H 261 

should have small fluctuations with a mean value near 1 and not the values reported in Fig. 262 

2a. Finally, it is important to note that Hobara et al. (2004) report further analysis of Biak data 263 

and conclude that there are no significant increases in the geomagnetic field polarization ratio 264 

before the 17 February 1996 earthquake. 265 

 266 

2.3 Iwateken Nairiku Hokubu earthquake 1998 267 

Hattori et al. (2004), and later Hattori (2004), report ULF ([10±3]mHz) geomagnetic 268 

field polarization ratio analysis during the period of the Iwataken Nairiku Hokubu earthquake 269 

(M=6.1, depth=10km) which occurred on 3 September 1998 at Honshu island, Japan. The 270 

authors analysed geomagnetic data measured during night-time [00:00-04:00]LT at three 271 

different stations: Matsukawa, Memambetsu and Kanoya which are located respectively about 272 

15km, 500km and 1300km away from the epicentre. To reduce spurious noise the authors 273 

perform a 5-day backward running average on the polarization ratio daily values. They 274 

conclude that the polarization ratio SZ/SD of Matsukawa shows an increase about two weeks 275 

before the earthquake when it reaches a value (�1.5) which is twice the normal level. 276 
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According to the authors, this increase is a local phenomenon restricted to Matsukawa, the 277 

closest station to the epicentre area, since the polarization ratio of the stations further from the 278 

earthquake epicentre do not show a similar behaviour.  279 

Figure 3 shows the polarization ratios as reported by Hattori (2004) and Hattori et al. 280 

(2004). Checking their conclusions, the 5-day backward running average of �Kp is 281 

superimposed on the upper panel of the figure. As a matter of fact, we can note that the 282 

Matsukawa polarization ratio increase corresponds to a decrease of the geomagnetic activity. 283 

Unfortunately, due to a gap in data we cannot check the polarization ratio behaviour of 284 

Matsukawa during the period just following the anomaly occurrence. To better investigate the 285 

reliability of the claimed “anomaly” an enlarged view is added onto the original figure.  286 

Actually, the enlarged view shows that, during the period of the anomaly occurrence, the 287 

polarization ratio has a similar increase in all the stations. The only difference is that the three 288 

increases of the polarization ratio have different amplitudes as would be expected for data 289 

coming from stations located at different magnetic latitudes. Furthermore, the polarization 290 

ratio analysis seems to also show inconsistency in the results because SZ and SD (see Hattori et 291 

al., 2004 Fig. 11) do not agree with their ratio SZ/SD reported in Fig. 3. 292 

 293 

2.4 Izu swarm 1998 294 

Kopytenko et al. (2001) report the temporal evolution of the ULF geomagnetic field 295 

polarization ratio at Kamo station during two earthquakes swarms which occurred in the 296 

period April-May 1998 near the Japanese Izu peninsula. The distance between the station and 297 

the epicentres is about 30-40 km. The main shocks occurred respectively on 26 April 298 

(Ms=4.7) and on 3 May (Ms=5.7). Fig. 4 (lower) shows the 5-day running average of the 299 

polarization ratio Z/G as reported by Kopytenko et al. (2001). The polarization ratio has been 300 

calculated in three bands of frequencies during the night period [00:00-04:00]LT. The 301 



  

 13 

temporal evolutions of the seismic activity and the geomagnetic index �Kp are reported as 302 

well. Note that, in the original figure the time scale of the upper panel does not match with the 303 

time scale of the other two panels. The inconsistency of the time scales has been checked by 304 

plotting �Kp data on the original view of the upper panel using the time scale of the two lower 305 

panels. Therefore, in Fig. 4 the upper panel has been horizontally shifted in order to match the 306 

time scales. Kopytenko et al. note that: 1) in correspondence with the two main shocks, sharp 307 

increases of the geomagnetic activity occur;  2) there is an evident increase of the polarization 308 

ratio which starts about twenty days before the first swarm; this increase reaches its maximum 309 

two days before the beginning of the swarm; then the polarization ratio decreases and reaches 310 

a minimum in correspondence of the Ms=5.7 seismic event; 3) the changes in polarization 311 

ratio depend on the frequency range and they are more pronounced in the lower frequency 312 

bands. Finally, the authors conclude that the behaviour of the polarization ratio is caused by a 313 

combination of the geomagnetic activity and the seismogenic ULF emissions.  314 

In order to check the conclusions of Kopytenko et al. (2001), the 5-day running average 315 

of �Kp is plotted onto the lower panel of Fig. 4. Actually, Fig. 4 shows a close inverse 316 

correspondence between the geomagnetic activity and the polarization ratio during the whole 317 

period. In light of this, the increase before the first swarm, the decrease before the Ms=5.7 318 

shock and the following recovery of the polarization ratio to ordinary values seems to depend 319 

mainly on the geomagnetic activity level. Thus, the possible presence of seismogenic 320 

signatures in the geomagnetic field polarization ratio is rather doubtful.      321 

 322 

2.5 Izu swarm 2000 323 

Between June and August 2000, a seismic swarm occurred near the Izu peninsula. Five 324 

strong M > 6 earthquakes occurred on 1, 8, 15 and 30 July and 18 August. Ismaguilov et al. 325 

(2001) report the ULF geomagnetic field polarization ratios at the stations of Molchikoshi, 326 
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Seikoshi and Kamo about 80km away from the epicentre area. The polarization ratio has been 327 

calculated in the frequency range [5±3]mHz during the night period [00:00-06:00]LT. Figure 328 

5a shows the 20-day running average of the polarization ratio Z/G as reported by Ismaguilov 329 

et al. (2001). The amplitude variations of the geomagnetic field components Z and G are 330 

shown as well. The authors maintain that the polarization ratio increases before the 331 

seismically active period at all the stations. They also note an increase in the amplitude of the 332 

geomagnetic field components Z and G. Since the amplitude enhancement is more 333 

pronounced in the vertical component Z they concluded that the Z/G ratio increase is caused 334 

by seismic activity. As in previous cases, the running mean of �Kp is superimposed onto the 335 

original view of the polarization ratios. In this case the time window of the running average is 336 

± 10-day. Figure 5a once again shows a close inverse correspondence between �Kp and 337 

polarization ratios. Both the increase before the seismic active period and the following 338 

decrease seem mainly to depend on the geomagnetic activity level. Therefore, their 339 

association with the seismic events is rather inappropriate.  340 

Ismaguilov et al. (2003) compare the ratios Z/G of Kamo station and Kakioka 341 

observatory located more than 200 km from Izu. The 3-day running averages of the 342 

polarization ratio are calculated at 0.042Hz during night-time [00:00-07:00]LT. Figure 5b 343 

shows the polarization ratios Z/G as reported by Ismaguilov et al. (2003). The authors 344 

maintain that at Kamo station Z/G shows features which could be related to the seismic 345 

activity even if the sharp decrease of 15 July is probably caused by a geomagnetic storm. 346 

Checking a possible correspondence between the ratio Z/G and the geomagnetic activity, the 347 

3-day running average of �Kp is superimposed on the polarization ratio of Kamo station. As a 348 

matter of fact, Fig. 5b shows that the behaviour of Z/G is closely related to the geomagnetic 349 

activity level before and during the seismic swarm. Therefore, the possible association with 350 

the seismic activity seems to be once again rather doubtful.  351 
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 352 

2.6 Kamchatka earthquakes 2000-2001 353 

Several papers report the analysis of geomagnetic field data measured at the observatory 354 

of Karimshino, Kamchatka, Russia (e.g. Gladycev et al., 2001; Molchanov et al., 2003; 355 

Molchanov et al., 2004a). According to the authors Kamchatka peninsula is an ideal place to 356 

observe low ULF seismogenic signals because it is characterized by low man-made noise and 357 

by a significant seismicity as well. Furthermore, they claim several increases of the ULF 358 

geomagnetic field polarization ratio related to the Kamchatka seismic activity. Figure 6a 359 

shows the square root of the amplitude polarization ratio Z/G in the period 2000-2001 as 360 

reported by Molchanov et al. (2003). The authors calculated Z/G in the frequency band [10-361 

30]mHz and averaged it over a 2-hour window. The temporal evolution of the geomagnetic 362 

Kp index and Ks index (yellow stars in Fig. 6a) are reported as well. Ks is an index which 363 

depends both on the earthquake magnitude and on the distance between the observation point 364 

and the earthquake epicentre (see for details Molchanov et al., 2003). The authors maintain 365 

that, during night-time, Z/G increases from 2 to 7 days before the occurrence of five strong 366 

earthquakes (yellow stars with a red dot in Fig. 6a). Green circles are added on the original 367 

view to highlight the claimed seismogenic polarization ratio increases. To investigate the 368 

behaviour of Z/G , the corresponding Kp index temporal evolution is superimposed onto the 369 

polarization ratio panels. As a matter of fact, Fig. 6a shows that on average high polarization 370 

ratio values correspond to low Kp values. More precisely, the polarization ratio increases, 371 

which are claimed to have a seismogenic origin, actually correspond to low geomagnetic 372 

actively levels; on the contrary low polarization ratio values correspond to high geomagnetic 373 

activity levels. This relation is evident over the whole period reported in the figure. 374 

Furthermore, Fig. 6a also shows further polarization ratio increases which are not related to 375 
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any strong earthquake; refer to the increases of 13 July and 26 August. In light of this, once 376 

again a close inverse correspondence between polarization ratio and geomagnetic activity is 377 

shown. Thus, the previous claims to a seismogenic origin are rather dubious. 378 

To better investigate the origin of the Z/G increases  the authors compare the ratios Z/G 379 

and 1/G. Figure 6b shows the daily values of Z/G and 1/G ratios as reported by Molchanov et 380 

al. (2003) in the same periods of Fig. 6a. Since the two ratios show the same behaviour over 381 

the whole period the authors conclude that the Z/G increases are caused by the suppression of 382 

the horizontal magnetic field component G and not by the increase of the vertical component 383 

Z. They suggest that the suppression of the ULF horizontal component is not related to 384 

electromagnetic emissions generated by a source located inside the Earth, but it is caused by 385 

the perturbation of the lower ionosphere due to a lithosphere-atmosphere-ionosphere coupling 386 

mechanism. According to them the conductivity of the ionosphere could be modified by the 387 

intensification of the atmospheric gravity waves related to changes of atmospheric 388 

temperature and pressure near the Earth’s surface caused by the seismicity (see Molchanov et 389 

al., 2004b). In Fig. 6b, the temporal evolution of the geomagnetic index Kp daily sum (�Kp) is 390 

superimposed onto the polarization ratio daily values. The figure shows an evident inverse 391 

correspondence between the polarization ratio and the geomagnetic index �Kp over the whole 392 

period. Therefore, once again Fig. 6b confirms that the polarization ratio increases are closely 393 

related to low geomagnetic activity levels.  394 

 395 

2.7 Bovec earthquake 2004 396 

Prattes et al. (2008) report the ULF polarization ratio analysis of magnetic data coming 397 

from the South European Geomagnetic Array (SEGMA) during the period of Bovec, 398 

Slovenia, earthquake (M=5.5, depth 6Km) which occurred on 12 July 2004. According to the 399 

authors the ULF geomagnetic field polarization ratio of Castello Tesino, the closest station to 400 
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the earthquake epicentre, shows significant increases before the earthquake occurrence. Fig. 7 401 

shows the geomagnetic field components, Z and H, and the polarization ratio R=Z/H as 402 

reported by Prattes et al. (2008) in the frequency band [0.01-0.05]Hz. Taking into account the 403 

geomagnetic field components behaviour, the authors maintain that the polarization ratio 404 

increases could be caused by decreases of the horizontal component amplitude. They also 405 

claim an increase of the polarization ratio occurred on 12 July caused by the high amplitude 406 

of the geomagnetic field vertical component. To check the possible relation between the 407 

polarization ratio enhancements and the Bovec earthquake, the temporal evolution of the Kp 408 

index is plotted on the polarization ratio panel. Taking into account the Kp behaviour, it is 409 

clearly evident that, before the Bovec earthquake, there is a close inverse correspondence 410 

between the polarization ratio increases and the geomagnetic activity. This correspondence 411 

can also be found in the period following the earthquake data but it is not the case during 412 

week 7. However, since week 7 is a period characterized by a very high geomagnetic activity 413 

level, as expected, the polarization ratio shows on average low values because the horizontal 414 

component amplitude increases dominate the lower vertical component increases (see Prattes 415 

et al., 2008).  416 

In another figure, not reported here, the authors compare the polarization ratios daily 417 

averages of three SEGMA stations:  Castello Tesino, Nagycenk and Ranchio (see Fig. 5 of 418 

Prattes et al., 2008).  The distance of the stations from the epicentre area is respectively 153, 419 

275, and 291 km. The authors conclude that the highest polarization ratio amplitude is 420 

observed at Castello Tesino, the closest station to the epicentre.  Actually, Fig. 5 of Prattes et 421 

al. (2008) shows that the three polarization ratios display a similar behaviour. The only 422 

difference is in their amplitudes as expected for different stations. Concerning the polarization 423 

ratio increase of 12 July, it disappears in the daily values. This suggests that the increase 424 
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could be caused by environmental noise or, at least, this could suggest that the possible 425 

seismogenic emission has a short duration. 426 

 427 

In the last two cases reported in the following sections, the correlation between the 428 

polarization ratio and the geomagnetic activity cannot be unambiguously demonstrated. 429 

However, the claimed polarization ratio enhancements can be considered doubtful as well.     430 

 431 

2.8 Kagoshimaken-Hokuseibu earthquakes 1997 432 

Hattori (2004) report the ULF polarization ratio SZ/SG at Tarumizu station, Japan, 433 

located 60km away from the epicentre area of the M=6.5, 26 March 1997, and M=6.3, 13 434 

May 1997, Kagoshimaken-Hokuseibu earthquakes. The polarization ratio has been calculated 435 

in the frequency band [0.010±0.003]Hz during night-time [00:00-04:00]LT. Figure 8a shows 436 

the 10-day backward running average of the ratios SZ/SG at Tarumizu and two reference 437 

stations which are located very far from the epicentre area: Chichijima, Bonin Islands, and 438 

Darwin, Australia. The regional seismicity and the geomagnetic index �Kp are reported as 439 

well. The author claims a significant increase of the SZ/SG ratio occurred at Tarumizu about 440 

one month before the 26 March earthquake. Since the polarization ratios of the two reference 441 

stations do not show similar increases the author maintains that the Tarumizu polarization 442 

ratio increase is without doubt a precursory signature of Kagoshimaken-Hokuseibu 443 

earthquakes. Checking the conclusions of the author, the 10-day backward running average of 444 

�Kp is also superimposed in the polarization ratio panel. Even if both Turumizu polarization 445 

ratio and �Kp show a similar behaviour in the period before the claimed anomaly occurrence, 446 

their temporal evolutions are rather different in the following period.  447 

As a matter of fact, the results of Hattori (2004) were previously reported by Hattori et 448 

al. (2002). This paper also shows the temporal evolution of SZ and SG which are reported here 449 
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in Fig. 8b. Actually, comparing SZ and SG with their ratio SZ/SG we can note inconsistency in 450 

the results of the previous research. More precisely, the ratio between SZ and SG provides 451 

values lower than the ratio SZ/SG reported in Fig. 8a. For example, referring to Tarumizu data, 452 

on 5 March 1997 SZ is about 0.0040 and SG is about 0.0035, so SZ/SG should be about 1.15, 453 

but the value reported in the previous papers is about 2.2. Furthermore, we can also note that 454 

before the first earthquake the polarization ratio of Chichijima station shows a slight increase 455 

similar to that of Tarumizu station. This suggests that the behaviour of the polarization ratio 456 

of Tarumizu station could have a global origin. Unfortunately a gap in data, which occurred at 457 

the Darwin station (the conjugate point of Tarumizu) during the period of the claimed 458 

anomaly, precludes further investigation. In conclusion, the Tarumizu precursor also seems to 459 

be not totally reliable. 460 

 461 

2.9 Chi-Chi earthquake 1999 462 

Akinaga et al. (2001) report the ULF polarization ratio Z/G at Lunping station, 120 km 463 

from the epicentre of Chi-Chi, Taiwan, earthquake (Mw=7.7, depth 11km) occurred on 21 464 

September 1999. Figure 9 shows the temporal evolution of the polarization ratio as reported 465 

by Akinaga et al. (2001) in the frequency band [0.010±0.003]Hz during the night period 466 

[00:00-04:00]LT. The authors claim an increase in the geomagnetic field polarization ratio 467 

before the earthquake occurrence. To investigate the polarization ratio behaviour, the ± 5-day 468 

running average of �Kp is reported in the figure both with a descending vertical axis and, for 469 

the last period, with an increasing vertical axis. Figure 9 emphasizes a rather strange 470 

behaviour of Z/G. To be more precise, Z/G shows a close inverse correspondence with �Kp 471 

up to April 1999 just before a gap in the data. On the contrary, it seems to show a positive 472 

correlation with �Kp in the period following this gap in data. Unfortunately, lack of data does 473 

not permit investigation of  the behaviour of Z/G in the period following the earthquake date. 474 
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In light of this, I think that there are two possibilities: 1) the close positive correlation after 475 

April 1999 is just a chance event, therefore the polarization increase is real; 2) there are 476 

analysis problems just after the gap in data which occurred on April 1999. In my opinion, this 477 

is enough to cast doubt on the reliability of the results until further analysis confirms the 478 

seismogenic origin of the claimed anomaly. As a final consideration I would like to point out 479 

that Liu et al. (2006) analysis of data from the Taiwan geomagnetic network in the period of 480 

Chi-Chi earthquake uses Lunping as reference station. Taiwan geomagnetic network consists 481 

of eight stations in which the total geomagnetic field intensity is measured. According to the 482 

authors Lunping is located in a seismic quiet area, so its magnetic measurements are not 483 

affected by the seismic activity. Using Lunping as reference station, Liu et al. (2006) claim 484 

seismogenic magnetic anomalies at the two stations of the Taiwan network closest to the 485 

epicentre area. In conclusion, it is very strange that Lunping station, in which an anomaly on 486 

the geomagnetic field polarization ratio has been claimed to be related to the Chi-Chi 487 

earthquake by Akinaga et al. (2001), is used as reference station in a similar research 488 

performed during the same period.  489 

 490 

3. Comments and conclusions 491 

In this paper, nine cases of ULF geomagnetic field polarization ratio increases which 492 

previous publications have related, without doubt, to the occurrence of strong earthquakes 493 

have been investigated by a qualitative inspection. The analysis compares the polarization 494 

ratio behaviour reported in previous papers with the geomagnetic activity level. Running 495 

averages of the �Kp geomagnetic index are plotted onto the original figures from previous 496 

publications. Furthermore, several problems are identified in the previous research. First of 497 

all, in the majority of the cases are reported data sets which are too short; they sometimes 498 

represent just a few months. This does not permit a complete view of the behaviour of the 499 
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parameters under investigation. Moreover, usually in order to exclude the presence of 500 

magnetospheric signals, the authors point out that the claimed seismogenic anomalies took 501 

place during periods characterized by a low geomagnetic activity. In my opinion this is an 502 

oversimplified assumption because the variation of the geomagnetic activity, which induces 503 

changes in several geomagnetic parameters, must be taken into account. For example, when 504 

the geomagnetic activity decreases, both polarization ratio and fractal dimension (see Masci, 505 

2010) of the geomagnetic field increase. Thus, this paper shows that the claims of previous 506 

publications concerning the correlation between the ULF polarization ratio increases and the 507 

seismic activity are not meaningful without properly taking into account the behaviour of 508 

other ULF sources evident in the global geomagnetic activity. Furthermore, the comparison 509 

between the analysed parameters and the geomagnetic indices must be performed using the 510 

same temporal resolution. More precisely, the correlation between the temporal behaviour of 511 

the polarization ratio and the geomagnetic index must be investigated by averaging 512 

procedures using the same time window.  513 

This paper shows that in seven of the investigated cases, for a total of fourteen 514 

earthquakes, the increases of the geomagnetic field polarization ratio, which previous authors 515 

have claimed without doubt to be related to strong earthquakes, apparently result from a 516 

decrease of the geomagnetic activity level. On average, when the geomagnetic activity 517 

decreases, the reduction of the geomagnetic field horizontal components are larger than the 518 

reduction of the vertical component, therefore the polarization ratio increases. On the 519 

contrary, an increase of the geomagnetic activity causes an increase in the geomagnetic field 520 

horizontal components larger than the increase of the vertical component, therefore the 521 

polarization ratio decreases. In light of this, if we may exclude that all the correspondences 522 

reported in this paper are just chance events, the simple association between the polarization 523 

ratio increases and the seismic events are doubtful in all seven cases. Regarding the last two 524 
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investigated cases, they seem to be doubtful as well: the first case shows inconsistency in the 525 

results so that the claimed polarization precursor could not be totally reliable; in the second 526 

case, the apparent correspondence between the polarization ratio and the geomagnetic index 527 

seems to behave oddly during the analysed period. Moreover I want point out that Masci 528 

(2010) seriously put in doubt ULF magnetic fractal precursors which previous papers have 529 

related to the occurrence of the three seismic events (Guam 1993, Biak 1996 and Izu 2000) 530 

also questioned in this paper.  531 

I want to point out again that the methodology adopted in this paper, and previously in 532 

Masci (2010), is just a qualitative or, more precisely, a visual investigation, even if the 533 

quantitative analyses here reported for the first two cases confirm the qualitative claims.  534 

Furthermore, I would like to emphasize that all the polarization ratio increases, put into 535 

question here, were claimed to be seismogenic signatures just by visual inspection. In my 536 

opinion, an anomaly cannot be recognized as seismogenic just by visual investigation on the 537 

contrary, the seismogenic origin of a by-eye anomaly can be put into question by a visual 538 

investigation. Obviously, it’s likely that an “anomalous variation” of a geomagnetic field 539 

parameter (e.g. polarization ratio or fractal dimension) can happen before the occurrence of an 540 

earthquake, but relating these variations to the seismic events without further validations is 541 

just an oversimplified conclusion. However, the geomagnetic activity behaviour must be 542 

taken properly into account in order to quantify how much variability in the data can be 543 

attributed to the geomagnetic global activity and how much to the possible ULF precursors.  544 

Concerning the correspondence between polarization ratio changes and geomagnetic 545 

activity, since Kp index is representative of the geomagnetic field average disturbances over 546 

global scales, it is impossible that the polarization ratio must always show the same features 547 

of ΣKp, otherwise the geomagnetic field polarization ratio pattern should be the same in all 548 

the observation sites. To be more precise, the majority of ULF signals are external signals 549 
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which come from the interplanetary space and magnetosphere. These signals include 550 

upstream waves, resonances processes, ion-cyclotron waves, and others, and are generated by 551 

well-known and different sources (McPherron, 2005). Each external source gives its 552 

contribution, at different frequencies inside the ULF band, to the signals observed on the 553 

ground. Some of these signals have a worldwide extension, whereas others could have 554 

latitude dependence (Saito, 1969). Thus, even if the amplitude of ULF geomagnetic field 555 

signal has a clear positive relation with Kp index, we should not expect that a strict 556 

correspondence between polarization ratio and ΣKp will always exist. On the other hand, if 557 

we demonstrate a close correspondence between the ULF geomagnetic field ratio Z/H 558 

changes and the geomagnetic index variations, we can affirm that the Z/H changes are caused 559 

by the variation of the geomagnetic activity, or more precisely we can point out that they are 560 

related to signals having external origin, and not to signals generated by sources located 561 

inside the Earth. Therefore, appeals to a seismogenic origin are rather dubious.  562 

In conclusion, it is evident that some problems of fundamental importance in the 563 

investigation of seismo-magnetic signals are still remaining unresolved and a huge amount of 564 

research and a constructive criticism of the results are needed. Finally, I would like to 565 

emphasize that, as Eftaxias et al. (2009) point out, a single analysis by itself cannot establish 566 

if an anomaly is a precursor or just a chance event. Therefore, as Uyeda et al. (2009) suggest, 567 

a really multidisciplinary approach, which involves the investigation of physical, 568 

geochemical, hydrological and other parameters, could be useful to recognize an anomaly as a 569 

real seismogenic signature. 570 
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Figure captions 722 

 723 

Fig. 1. ULF polarization ratio analysis during the period of Guam earthquake as reported by 724 

Thomas et al. (2009b) (a reproduction of Thomas et al., 2009b, Fig. 2).  EQ refers to the 725 

earthquake date. The panel (a) shows the 5-day running average of the ratio Z/H at Guam 726 

observatory as reported by Hayakawa et al. (1996). Panels (b), (c) and (d) show respectively 727 

the 5-day running average of the ratio Z/H at Guam observatory, the 5-day running average of 728 

the ratio Z/H at Kakioka observatory, and the residual of the linear relationship between 729 

Guam and Kakioka polarization ratios. The 5-day running average and the 6th order 730 

polynomial fitting of �Kp are superimposed onto panel (b). Panel (e) has been added to the 731 

original view and shows the residual of the linear relationship between Guam Z/H ratio and 732 

�Kp. See text and Thomas et al. (2009b) for details. 733 

 734 

Fig. 2a. Temporal evolution of the ULF polarization ratio Z/H at Biak and Darwin in the 735 

period November 1995 - March 1996 as reported by Hayakawa et al. (2000) (a reproduction 736 

of Hayakawa et al., 2000, Fig. 3). EQ refers to the earthquake date. Dashed green circles 737 

highlight the increases of the Biak polarization ratio claimed to be related to the seismic 738 

activity. For a better display, the original pale yellow lines of the polarization ratio running 739 

averages are changed in red. The ±5-day running average of �Kp is superimposed onto the 740 

Biak panel as well. The upper little panel has been added to the original view and shows the 741 

residual of the linear relationship between Biak Z/H ratio and �Kp. 742 

 743 

Fig. 2b. Temporal evolution of the ULF wave activity of the geomagnetic field components H 744 

and Z at the stations of Biak (blue) and Darwin (red) in the period November 1995 - March 745 
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1996 as reported by Hayakawa et al. (2000) (a reproduction of Hayakawa et al., 2000, Fig. 2). 746 

�Kp temporal evolution is also shown in the lower panel. EQ refers to the earthquake date. 747 

 748 

Fig. 3. Upper panel: 5-day backward running averages of ULF polarization ratios SZ/SD in the 749 

period of Iwateken Nairiku Hokubu earthquake at Matsukawa, Memambetsu  and Kanoya 750 

stations as reported by Hattori (2004) (a reproduction of Hattori, 2004, part of Fig. 10a). 751 

Lower panel: 5-day backward running average (thick red solid line) and daily values (thin red 752 

solid line) of Matsukawa polarization ratio. The 5-day backward running average of �Kp is 753 

superimposed onto the upper panel as well. An enlargement view of the claimed precursory 754 

anomaly is added to the original view. 755 

 756 

Fig. 4. Lower panel: 5-day running average of the ULF polarization ratio Z/G at Kamo station 757 

as reported by Kopytenko et al. (2001) (a reproduction of Kopytenko et al., 2001, Fig. 6). 758 

Middle panel: seismic activity during April-May 1998. Upper panel: temporal evolution of 759 

�Kp. In the lower panel the 5-day running average of �Kp is superimposed on the original 760 

view. 761 

 762 

Fig. 5a. Twenty days running averages of the geomagnetic field components Z and G,  and 763 

the polarization ratio Z/G at the stations of  Molchikoshi (M) , Seikoshi (S) and Kamo (K) as 764 

reported by Ismaigullov et al. (2001) (a reproduction of Ismaigullov et al., 2001, part of Fig. 765 

6). The vertical dashed line represents the beginning of the 2000 Izu swarm. The ±10-day 766 

running average of �Kp is reported onto the Z/G ratios panel as well. 767 

 768 

Fig. 5b. Three days running average of the ratio Z/G during the period of the Izu swarm 2000 769 

(upper panel) at Kamo (K) and Kakioka (KK) stations as reported by Ismaigullov et al. (2003) 770 
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(a reproduction of Ismaigullov et al., 2003, part of Fig.  2). The 3-day running average of �Kp 771 

is superimposed onto the Z/G panel as well.  772 

 773 

Fig. 6a. Temporal evolution of Z/G  during the period 25 June 2000 - 18 February 2001 at 774 

Karimshino observatory as reported by Molchanov et al. (2003) (a reproduction of 775 

Molchanov et al., 2003, Fig.  2). The geomagnetic Kp index and the seismic activity Ks index 776 

(yellow stars) are reported as well. Green circles highlight the Z/G increases claimed to be 777 

related to five strong earthquakes (yellow stars with a red dot). The Kp index temporal 778 

evolution is also superimposed onto each polarization ratio panel (red step-line). See text for 779 

details. 780 

 781 

Fig. 6b. Daily values of the ratios Z/G, panel a), and 1/G, panel b), at Karimshino observatory 782 

as reported by Molchanov et al. (2003) for the same period of Fig. 6a (a reproduction of 783 

Molchanov et al., 2003,  Fig.  3). The geomagnetic Kp index and the seismic activity Ks index 784 

(yellow stars) are reported as well. Daily values of Kp (�Kp) are also superimposed on each 785 

polarization ratio panel (red step-line). See text for details. 786 

 787 

Fig. 7. Temporal evolution of the polarization ratio R=Z/H  during the period 10 June - 20 788 

August 2004 at the SEGMA station of Castello Tesino (CST) as reported by Prattes et al. 789 

(2008) (a reproduction of Prattes et al., 2008, Fig. 4). The red vertical line refers to the Bovec 790 

earthquake date. ΣKp and the geomagnetic field components, Z and H, are shown as well. Kp 791 

temporal evolution (black step-line) is also reported onto the polarization ratio panel.  792 

 793 
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Fig. 8a. Geomagnetic field anomaly associated with the Kagoshimaken-Hokuseibu 794 

earthquake (M6.5 and M6.3) as reported by Hattori (2004) (a reproduction of Hattori, 2004, 795 

Fig. 8). (a) regional seismicity; (b) 10-day backward running average of the ratios SZ/SG for 796 

the stations of Tarumizu, Chichijima and Darwin; (c) temporal evolution of �Kp. The 10-day 797 

backward running average of �Kp (black line) is reported in the middle panel as well. 798 

 799 

Fig. 8b. 10-day backward average of the geomagnetic field spectral intensities SZ and SG as 800 

reported by Hattori et al. (2002) during the same period of Fig. 8a (a reproduction of Hattori 801 

et al., 2002, part of Fig. 6). See text for details. 802 

 803 

Fig. 9. Temporal evolution of the ratio Z/G at Lumping station before the Chi-Chi earthquake 804 

as reported by Akinaga et al. (2001) (a reproduction of Akinaga et al., 2001, Fig. 2). The ± 5-805 

day running average of �Kp is also superimposed onto the original view both with a 806 

descending axis (red line) and with an increasing axis (sky-blue line) to show the strange 807 

correspondence between Z/G and �Kp: negative up to April 1999 and positive later. 808 
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 822 

>The reliability of magnetic ratio changes as earthquake precursors are investigated. 823 

>Nine cases are considered which include seventeen earthquakes. 824 

>In the analysis running averages of the �Kp geomagnetic index are taken into account. 825 

>These increases are actually caused by the normal geomagnetic activity variation. 826 
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