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ABSTRACT

Three typhoons occurred over the western Pacific in September 2008 and were enhanced beyond category 3 as they ap-
proached Taiwan. The geomagnetic total intensity field recorded at 2 local monitoring stations in Taiwan and 1 remote station 
in Japan was utilized to examine the magnetic disturbances induced by these typhoons. Analytical results show that amplitude 
changes in the frequency domain, which are retrieved from the total intensity data via the Fourier transform, at the monitoring 
and remote stations were consistent, even though magnetic storms strongly affected the magnetic field. However, obvious 
discrepancies were repeatedly found in the amplitudes in the frequency band between 0.0025 - 0.007 Hz, when typhoons of 
category > 3 were the closest to the monitoring stations. The frequency band is different from the induction fields from either 
oceanic storm waves or swells, and is consistent with that of magnetic pulsations triggered by acoustic waves from upward 
air motion during typhoons.
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1. INTRODUCTION

Sea water is a fairly good electrical conductor. When 
sea water is moved by oceanic currents and ocean waves, 
electrical fields, currents and secondary magnetic fields 
are induced impacting the Earth’s magnetic field (Lilley et 
al. 2001; Maus and Kuvshinov 2004). Fraser (1966) once 
mounted a magnetometer on the sea bed and found am-
plitudes of induced magnetic fields, which were enhanced 
at a particular frequency band (about 0.1 - 0.2 Hz) agree-
ing with the frequency characteristics of ocean waves. The 
agreement between the experimental results and theoretical 
predictions in either amplitude or frequency suggests that 
the induction field is caused by the electric current induced 
from the motion of ocean waves through the Earth’s mag-
netic field. Thus, ocean waves and excited secondary mag-
netic fields generally yield similar frequency characteristics 

of approximately 0.1 - 0.2 Hz and have attracted consider-
able attention for a long time (Weaver 1965; Fraser 1966; 
Lilley et al. 1993, 2004).

Wind is one of the significant driving forces of ocean 
waves and is caused by the atmospheric pressure gradient 
due to differences in air temperature. When the heated mois-
ture is persistently evaporated and propagates upward over 
the warm ocean surface, a large whirl with intense wind is 
created, and in many cases, further develops to form tropi-
cal storms. Once the wind speed exceeds 17.2 m s-1 tropical 
storms are enhanced and form powerful typhoons (in the 
Pacific Ocean) or hurricanes (in the Atlantic Ocean and Ca-
ribbean Sea). Swell waves, which are one kind of gravity 
waves (Collard et al. 2009), are triggered by continuously 
intense wind, and can often be observed during the prevail-
ing typhoon period (Munk et al. 1963). Swell waves have 
a narrow range of frequencies of about 0.05 - 0.1 Hz (par-
ticularly at 0.0588 Hz) (Lilley et al. 2004). Once secondary 
magnetic fields are induced by swell waves during typhoon 
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periods frequency characteristics of about 0.0588 Hz can be 
observed from magnetic data recorded at stations that are 
sufficiently close to be affected by the induction field.

1-Hz geomagnetic total intensity data recorded at 2 
monitoring stations (TT and HC) in Taiwan (Yen et al. 2004; 
Chen et al. 2009, 2013) and 1 remote station (KNY) in Japan 
(Fig. 1) were utilized in this study to investigate geomag-
netic disturbances triggered by 3 typhoons over the western 
Pacific Ocean in September 2008. Geomagnetic data were 
transformed into the frequency domain to examine discrep-
ancies in amplitudes at particular frequency bands between 
the monitoring and remote stations. The associated frequency 
bands were compared with data from typhoons, ocean waves 
and swell waves to identify possible mechanisms.

2. METHODOLOGY

Night time (20:00 - 4:00 local time) geomagnetic data 
were utilized to reduce the complex disturbances from solar 
activity (Wen et al. 2012). Eight-hour data were transformed 
into the frequency domain using a 1-hour time span via the 
fast Fourier transform. Eight amplitudes were obtained each 
day and were superimposed as the daily amplitude for ei-
ther suppressing the unwanted noise or enhancing desired 
signals. The normalized daily amplitudes [ ( )A fl ] were ob-

tained from the daily amplitudes [A(f)] as follows:

( ) ( ) ( )A f A f A f=l /  (1)

where f is the frequency for fairly comparing data retrieved 
from different times and/or sites. The correlation coefficient 
is a common method used to quantify discrepancies between 
two series data. Correlation coefficients were utilized in this 
work to quantify discrepancies in amplitude changes within 
particular frequency bands between one monitoring station 
(i.e., either TT or HC) and the remote site (i.e., KNY) day 
by day. Thirty correlation coefficient values were obtained 
in the 30-day study period (September 2008). Variations 
in the time-varying correlation coefficient were compared 
with typhoons in the temporal domain. The corresponding 
frequency bands were further analysed to investigate the 
causal mechanisms of the magnetic disturbances.

3. OBSERVATIONS

Changes in the geomagnetic total intensity field record-
ed at 3 stations in September 2008 are shown in Fig. 2. It 
is clear that diurnal variations with a range of about 20 nT 
were observed daily at each station, except for periods on 

Fig. 1. The map of Typhoons Sinlaku, Hagupit and Jangmi as well as locations of the 3 magnetic stations. White lines denote the routes of the 
typhoons. Distinct sizes and colors of the solid circles lying on the white lines indicate different categories of typhoons. The red rectangles are loca-
tions of the 3 magnetic stations.
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the 4 and 15 September due to magnetic storms (also see the 
Kp index). Three typhoons (Sinlaku, Hagupit and Jangmi) 
occurred over the western Pacific Ocean within the month. 
Typhoons Sinlaku and Jangmi had similar routes in a 7-day 
period (10 - 16 September 2008) and a 4-day period (26 - 29 
September 2008), and landed on northeastern Taiwan on 14 
and 28 September 2008, repectively (Fig. 1). Both Sinlaku 
and Jangmi remained within category 4 as super typhoons 
throughout September 11 and 27, and quickly diminished on 
13 and 27 September 2008, respectively, due to their storm 
margins touching the island of Taiwan. In contrast, Typhoon 
Hagupit traversed the Bashi Channel between Y’Ami Island 
(Philippines) and Lanyu Island (Taiwan) from 21 - 23 Sep-
tember 2008. Hagupit reached category 3 when it had a mini-
mum distance from Taiwan on 23 September. Changes in the 
geomagentic total intensity field at the HC, TT and KNY sta-
tions were very similar on both the magnetic storm days and 
the typhoon-impacting days (Fig. 2). Apparently, it is very 
difficult to retrieve typhoon-related signals from such time-
series data. However, the monthly average amplitudes and 
the daily amplitudes in the frequency domain were utilized to 
isolate possible typhoon effects on the magnetic field.

Variations in the geomagnetic field generally result 
from solar activities on a worldwide scale, and have an im-
pact on nearby observation stations on a local scale (Wen et 
al. 2012). It is possible to determine local impacts when data 
recorded by a remote station are also taken into consider-
ation. Figure 3a shows that the monthly average amplitudes 
in September 2008 were generally smooth with an inverse 

relationship to frequency and consistently observed at either 
local monitoring or remote stations. The similarity of those 
average amplitudes at these 3 stations strongly suggests that 
solar activities dominated changes in the geomagnetic field 
in most periods in September 2008. Regarding the intense 
disturbance from the magnetic storm on 4 September, am-
plitudes at a frequency of 0.0035 Hz were obviously en-
hanced along with smoothly decreasing trends in the daily 
amplitude (Fig. 3b). These enhanced amplitudes were recur-
rently observed at the local monitoring and remote stations 
and considered to be worldwide-scale effects due to solar 
activities. On 13 September 2008, as Typhoon Sinlaku was 
approaching Tawain, the daily amplitudes at frequencies 
above 0.01 Hz (the vertical dashed line of Figs. 3c and d)  
between the local monitoring and remote stations were 
generally comparable (Fig. 3c). By contrast, a significant 
discrepancy was observed from the daily amplitudes at fre-
quencies < 0.01 Hz between the local monitoring and re-
mote stations, presumably due to the differences in their 
distances from the typhoon. The same discrepancy between 
the daily amplitudes at low frequencies (< about 0.01 Hz) 
relative to those at high frequencies (> about 0.01 Hz) was 
also observed as Typhoon Jangmi was moving toward Tai-
wan on 27 September 2008 (Fig. 3d).

The correlation coefficient (CC) was computed for 
September 2008 from the two normalized amplitudes for one 
local station (either HC or TT) and the remote station (KNY) 
to quantitatively illustrate the different changes within se-
lected frequency bands; the variations in CC for the three 

Fig. 2. Variations in geomagnetic total intensity fields at 3 magnetic stations and the Kp index in September 2008. The shadow zones indicate the 
impacting durations of typhoons on Taiwan. Notably, the arrows denote significant discrepancies in geomagnetic total intensity field recorded at the 
HC and TT stations on 25 September 2008.
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distinct frequency bands are plotted in Fig. 4 as a function of 
time together with the CC between TT and HC for reference. 
It is clear that the CC values computed using the frequency 
band of either 0.0001 - 0.1 or 0.001 - 0.01 Hz remained high 
(~1) over the study period. However, the daily amplitudes 
for the frequency band between 0.0025 and 0.007 Hz yield 
CC values that are generally high (~1) over the entire month, 
except for three obvious drops (CC < 0.7 on 13 September; 
CC ~ 0.85 on 23 September; CC < 0.7 on 27 September). 
These three drops coincided with the times when each of the 
three typhoons was closest to Taiwan. Notably, tiny drops 
(~0.98) were also observed in the CC values for the other 

two frequency bands (0.0001 - 0.1 and 0.001 - 0.01 Hz) on 
the same days, due to partial overlaps with the anomalous 
frequency band between 0.0025 - 0.007 Hz.

4. DISCUSSION AND CONCLUSIONS

It is clear that an unusual drop occurred in the CC 
values for the frequency band 0.0025 - 0.007 Hz using the 
normalized amplitude at the HC and KNY stations, on 25 
September 2008. To further clarify the unusual drop, the 
CC values derived from the 3 frequency bands between two 
monitoring stations (HC and TT) were also calculated. The 

Fig. 3. The normalized amplitudes at the 3 magnetic stations. (a) in September 2008; (b) the magnetic storm day on 4 September; (c) the typhoon 
day on 13 September; (d) the typhoon day on 27 September.

(a)

(b)

(c)

(d)
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CC values between stations HC and TT for the frequency 
band 0.0025 - 0.007 Hz also show a similar significant de-
crease on 25 September 2008. Cross comparisons (HC vs. 
KNY and HC vs. TT), show that the anomalous drops were 
caused by changes in amplitudes at station HC that were 
different from those at the others. Furthermore, changes in 
the geomagnetic total intensity field recorded at station HC 
were different from those at stations TT and KNY on 25 
September 2008 (arrows in Fig. 2). Typhoons with a radius 
exceeding 200 km affected the magnetic field around station 
TT as well as around station HC. The disturbances recorded 
only at station HC should therefore be caused by artificial 
noise and/or unknown factors.

Magnetic pulsations with frequency characteristics 
about 0.05 - 0.1 Hz are related to the induction field directly 
excited by the ocean waves and/or swell waves (Weaver 
1965; Fraser 1966; Lilley et al. 1993, 2004). In contrast, mag-
netic pulsations can also be related to transit acoustic-gravity 
waves from the lithosphere to the lower thermosphere (Liu 
et al. 2006, 2011; Occhipinti et al. 2006, 2008, 2010, 2011; 
Balasis and Mandea 2007; Rolland et al. 2010; Kherani et 
al. 2012) or a duct resonance of acoustic-gravity waves be-
tween the ground and lower thermosphere (Harkrider 1964; 
Francis 1973; Tahira 1995; Iyemori et al. 2005) to affect the 
geomagnetic field with frequency characteristics of around 
0.001 - 0.0001 Hz. Rolland et al. (2011) further identified 
frequency characteristics associated with acoustic and gravi-
ty waves from changes in the total electron content triggered 
by the Tohoku earthquake. The magnetic pulsations with 
frequency characteristics around 0.00368 and 0.0044 Hz are 
considered to result from acoustic waves (also see Nishida et 

al. 2000 and Occhipinti et al. 2013). In contrast, the magnetic 
pulsations excited by gravity waves lie in a frequency band 
around 0.0001 Hz.

The anomalous frequency band (0.0025 - 0.007 Hz) 
identified in this study, is significantly different with the 
bands 0.1 - 0.2, 0.05 - 0.1, and 0.0001 Hz. This suggests 
that the magnetic disturbance observed in this study was 
caused by neither the induction field directly excited by 
ocean waves and/or swell waves nor gravity waves. How-
ever, the frequency band (i.e., 0.0025 - 0.007 Hz) is very 
close to that of frequency-dependent magnetic pulsations, 
which are caused by acoustic waves. Magnetic pulsations 
triggered by upward-propagating acoustic-gravity waves 
from the earthquake-generated Rayleigh waves and tsunamis 
have been widely reported in many studies (Liu et al. 2006, 
2011; Occhipinti et al. 2006, 2008, 2010, 2011; Balasis and 
Mandea 2007; Rolland et al. 2010; Kherani et al. 2012). Ty-
phoons can transfer a great deal of water vapor upward into 
the atmosphere through counterclockwise spinning in the 
Northern Hemisphere. The upward transportation of water 
vapor as vertical-motion waves can generate acoustic waves 
(Stopa et al. 2011) propagating upward from the lithosphere 
into the atmosphere, further disturbing the conductivity and 
modifying the associated currents in the E-region, which in 
turn instantly change and/or affect the Earth’s magnetic field 
on the surface (Davies 1990; Kelley 2009).

In conclusion, magnetic disturbances can be retrieved 
from geomagnetic data through a comparison between 
monitoring and remote stations. When typhoons are mov-
ing close to monitoring stations, magnetic disturbances with 
frequency characteristics that concentrate mainly in the 

Fig. 4. Variations in the correlation coefficient calculated from normalized daily amplitudes at pairs of stations for September 2008.
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frequency band between 0.0025 - 0.007 Hz, are observed. 
The frequency characteristics are utilized to determine the 
acoustic waves affecting the geomagnetic field around mon-
itoring stations during the prevailing typhoon period.
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