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Abstract  

We report two evidences of the existence of the precursor effects of large earthquakes 
(Magnitude: larger than 6.5) on the ionosphere. One is obtained from well-established Electro 
temperature probe onboard Japanese scientific satellite (HINOTRI), which was in orbit during 
the period of February 1981 to June 1982. We found that electron temperature (Te) in the 
afternoon overshoot reduced about 5 days prior to earthquake, and recovered about 5 days 
after the earthquake. This paper describes three cases of big earthquakes, which occurred in 
November 1981 and in January 1982 around Philippine.                                                                                     
The second evidence is found in the O+density, which was measured by Dynamic Explorer 
2(DE-2) launched by USA. The perigee and apogee heights were roughly 309 km and 1012 
km with high inclination of sun synchronous orbit. We found that O+density over epicentre 
reduces.  In most beautiful case, O+ along satellite orbit shows that as if equatorial ionisation 
trough (minimum) shifts over epicentre. This movement starts to appear more than 5 days 
before earthquake. The satellite longitude becomes closer to epicentre, the feature becomes 
clearer.  Very often O+ shows about 1-2 % fluctuation.   

1. Introduction 

The possible effects of the earthquake on the ionosphere have been reported by many 
scientists1. Recently the number of the report is being drastically increasing in scientific 
journals. Reduction of total electron content (TEC) produced prior to earthquake occurrence 
has been reported by Liu et al.2.  Devi et al.3 reported reduction of TEC as well as increase of 
TEC at the anomaly crest region. They also reported the bite out phenomena of NmF2, which 
they claim to appear prior to earthquake.  

Japanese Sun Observation satellite was put into equatorial orbit at the height of 600km in 
February 1981. Although the satellite was dedicated to study the solar physics, two unique 
plasma probes that were developed in Japan4, 5, 6 were accommodated. The two probes 
(resonance rectification probe for electron temperature, Te, and impedance probe for electron 
density, Ne) have been flown in number of sounding rockets and satellites, and their 
performance is well established. Data were accumulated for 16 months, until the satellite 
operation was terminated in June 1982 due to the battery problem. The instruments gave 
accurate and reliable data. Especially the resonance rectification probe provides very accurate 
Te. 

Here we show examples of Te behaviour as well as for Ne for three earthquakes, which 
occurred from November 1981 to February 1982 in Asian zone. Those are: EQ1 which 
occurred on 22 November 1981 with magnitude of 6.6, depth of 37 km, and epicenter of 
14.09 N and 124.35 E, EQ2, which occurred on 11 January, 1982 with magnitude of 7.4, 
depth of 45 km, and epicenter of 13.75 N and 124.36 E, and EQ3, which occurred on 24 
January, 1982 with magnitude of 6.6, depth of 37 km, and epicenter of 14.09 N and 124.35 E.  



 

One example of behaviour of O+, which was observed with ion masspectrometer on board DE-2 satellite, is 
illustrated for earthquake, which occurred on October16, 1981. 

 
2.1 Local time behaviour of Te at 600 km 

Te varies for local time, seasons, latitude, longitude, and solar activities. Fig.1 shows the 
local time variation of Te with geomagnetic latitude as horizontal axis for the longitude zone 
of 210-285 for northern summer (May, June, and July). 

 
 

Fig.1. Local time dependence of Te in the longitude region of 210-285 at the height of 600 km 
with respect to geomagnetic latitude for northern summer. Morning overshoot and afternoon 
overshoot are marked by red circles. 

For all three seasons (northern summer, northern winter, and equinox), Te takes the 
minimum value at ~4 LT, rises steeply and shows a peak at ~9 LT (named as “morning 
overshoot”). After the morning overshoot, Te reduces toward noon, starts increasing at ~15 
LT, and shows the second peak at ~ 17 LT (named as “afternoon overshoot”). Finally the 
peak disappears at around 20 LT. The first peak is not so sensitive to geomagnetic latitude, 
comparing to the second peak. The second peak shows a clear latitudinal variation; the peak is 
not remarkable over equator, but becomes clearer in higher latitudes. 

The peak at ~9 LT is explained as following. Thermal electrons have been already created 
starting from photoelectrons before neutral density increase, which results in less energy loss 
due to electron-neutral collisions. In Fig 1 Maximum Te of morning overshoot is higher in 
winter than in summer, which is a result of higher Ne in summer than in winter hemisphere. 
The difference of Ne between two hemispheres is mainly caused by summer-to-winter neutral 
wind. On the other hand afternoon over shoot is explained mainly by nonlocal heating, 
although neutral wind effect is also working. That is; photoelectrons which travel along the 
magnetic line of force from the place where photoelectrons are produced at lower altitude, and 
heat the electrons at the height of 600 km. Photoelectrons from other hemisphere which travel 
along the magnetic filed line can also contribute. It is noted that even for morning overshoot, 
contribution from lower ionosphere in the same hemisphere as well as other hemisphere 
exists24. 

 
2.2 Reduction of Te in the afternoon overshoot 

We found that largest Te reduction which is shown in Figs.1 occurs mainly in the afternoon 
overshoot. Two examples of Te reduction of the satellite orbit are shown in Fig.2a and 2b for 



 

8 January 1982, 3 days before the EQ2 occurs. One shows the total disappearance of 
afternoon overshoot, and another shows the partial disappearance. In the upper panel of the 
figure 3a, Values from model and observation are plotted by black and blue circles 
respectively. The model illustrates that Te starts to elevate at  
 

 
 

Fig.2. Examples which show the depression of Te (upper panel) in the afternoon overshoot on 
the 8th January 1982 prior to EQ2 in satellite orbit 4815 (a) and 4799 (b). Black and blue dots 
show the model and observation respectively. Two thin lines show the upper and lower values 
of standard deviation. Lower panel shows the same but for Ne. 

16:30 and shows the peak at around 18 LT (afternoon overshoot), and reduces at 18:40. 
Whilst Te values of the orbit keeps constant value during the period when Te is expected to 
elevate. As shown in Fig.2b, the observed Te merges to the model values some time after 
during the afternoon overshoot. The earliest local time for the observed Te merges to the 
model value is, off course, when afternoon overshoot starts. We found that Te deviates for 
longer time in LT as the earthquake day approaches and as the satellite orbit is closer to the 
epicentre. 



 

The second panels in both figures show the behaviour of Ne. Ne observed follows the 
model value or takes slightly higher values than the model at the beginning. Later it starts to 
be lower than the model values. This is one of the important clues when we try to explain 
reduction of Te in the afternoon overshoot.  

The features, which we described above, are common for all three earthquakes, both prior 
to and after the earthquake. The variation of Te in the afternoon overshoot also occurs during 
the geomagnetic storm, which is the case at the beginning of November 1981. Storm time Te 
increases or reduces depends on the longitude and latitude. The variation of Te during the 
magnetic disturbance occurs all over the world, whilst Te deviation during the earthquake 
activity is limited around epicenter region and shows systematic gradual change. 

Fig. 3 shows the spatial distribution of ΔTe for three EQ events by plotting each satellite 
orbit in geographic longitude-latitude coordinate. The Dst value is above -50 nT except late 
31st of January. Kp indices are below 4, most of the days. The plot shows ΔTe before the 
EQs in the left panels, EQ days, and after the EQs. Stars mark the epicenter. It is noted that 
the region of large Te deviation ranges from more than 60 degrees to the west and 40 degrees 
to the east from the epicenter respectively.  

 

 
Fig.3 Spatial distributions and daily variations of deviation of Te in the longitude -latitude 
coordinates for three earthquakes. Satellite orbit data are shown for three periods; before EQ, 
during EQ, and after EQ. D indicates the earthquake day. Star in each panel shows the 
epicentre locations. Note that Te deviation spreads more than 50 degrees in longitude toward 
both west and east from epicentre. 

Although the data beyond 160 degrees in longitude was not available for EQ2, the region 
might extend more than 160 degrees in the East. The similar spatial distributions are drawn 



 

for other 2 earthquakes before and after the earthquakes, which shows more clearly symmetric 
deviation in longitude with respect to the epicenter. If we compare the disturbed region with 
other two earthquakes, EQ2 has wider region than other two. It seems that the effect of the 
Pacific Ocean does not exist when we examine the EQ2, which has data up to the longitude 
170 degrees east. 

It is noted that the largest deviation of Te with respect to latitude does not matches with 
epicenter, because electrons easily move along the geomagnetic line of force.  

 

 
 

Fig.4. Deviation of Te observation from model value for January 1982 (EQ2, and EQ3). Top 
panel shows Dust (Blue) and Kp indices (Black). Bottom panel shows the Te deviation with 
respect to date. Depending on the local time when the data were obtained, the data points are 
coloured from dark blue (early morning) to deep red (midnight) evening. Two red arrows 
show the days when earthquake EQ2, and EQ 3 occurred. Please note that orange colour data 
point show the largest deviation of electron temperature. 

 
The figure 4 shows the deviation of Te (∆Te) from the model versus day for January 1982. 

The longitude and latitude ranges are limited to 20-220 degrees and 0-32 degrees respectively.  
The deviation of Te which is larger than 500K has statistical meaning. Dst and Kp indices 
which indicate magnetic disturbance are also plotted.  

The Dst value is above -50 nT except late 31st of January. Kp indices are below 4, most of 
the days. Two red stars at the bottom panel indicate the days when EQ2 and EQ3 occurred. 
Before 8th of January, no data were acquired because of New Year holidays. Further data were 
not obtained on the 10th, 17th and 24th due to non-operation of the satellite (one day off every 
week). Color scale in ΔTe panel indicates that the large deviation of Te was observed both 
during morning and afternoon. Te deviation shows two minima around 11th, 12th, and 13th of 
January, and around 24th, 25th, and 26th. These days are close to the days when EQ2 and EQ3 
occurred and the recovery to non-earthquake state is about one day slower for EQ2 than Te 
for EQ3. 

 
3. Behaviour of O+ and Ne  
 

Here we show on example of the4 effects on ionosphere O+ density for the earthquake, 
which occurred on the 15th October (Lat; -33.13; Lon, 073.07. Ms; 7.5). Fig 5 shows the O+ 
along the DE-2 satellite orbit, starting from 5 days before the earthquake and 5 days after the 



 

earthquake.  As observation approaches earthquake days, O+ density shows the minimum over 
epicentre as if the equatorial ionisation trough shifted from geomagnetic equator to Epicentre. 
This tendency is more remarkable as the observation longitude is closer to epicentre. The 
longitude where disturbance is found extends larger than 40-50 degrees. Similar feature is 
seen in Ne.  In many cases fluctuation of O+ density is found, being superposed on the 
background O+. This supports the fact that widening of Dopper frequency is detected for some 
cases of earthquakes, which occurred in Taiwan. 

 

 

Fig.5 Behaviour of O+ density along DE-2 Orbits five days prior (-D5, -D4, -D3, -D2, -D1) 
and after (D5, D4, D3, D2, D1) the earthquake which occurred on the 16th October 1981. D0 is 
the day when earthquake occurred. 



 

 

4. Mechanism of Te reduction 

Our main finding is the reduction of Te in the afternoon overshoot, that is, disappearance of 
Te in the afternoon overshoot. However Ne does not change during this phenomenon. This 
feature is very puzzling, because it is a well-known fact that during daytime when Ne reduces 
(increases), Te shows increase (reduction). 

The features described above can be explained by the westward electric field (or weakening 
of eastward electric field.  
 

5. Concluding remarks 

Electron temperature probe that was developed for pure science has now new application. 
Based on our firm confidence of the reliable measurements, we have studied three EQ events, 
which occurred around equator ionization anomaly. Both 3 events show common features. 
Continuous systematic reduction of Te in the afternoon overshoot can be found prior to the 
big earthquakes.   O+ density shows also clear features (similar feature can be seen in Ne as 
well).  

In both Te and O+ cases, in latitude higher more than35 degrees, the feature starts to be 
faint.  Whether we can find smaller earthquake or high latitude earthquake in the future 
depends on the accuracy of the model, which can be made with repeated satellite observations. 
The features which have been described here strongly suggests the effect of electric field 
associated with earthquake, is playing a fundamental role in the region. The electric field is 
the order of 1 mV/m or less and it should have very slow time variation of the order of 10 
days starting from about 5 days before earthquake. 5 days before earthquake. Although the 
generation of the electric field is puzzling, it might be atmospheric origin, which might be 
first triggered such as radon emission.  

Our result suggests that even a small satellite, which carries two simple reliable plasma 
probes, can play unexpectedly significant role for the study of precursor phenomena 
associated with earthquake. Orbits of the satellites are very important.  International 
collaboration among countries that are suffering from earthquake disasters should be 
established urgently to launch small satellites from these countries. 

Finally our findings might also encourage the ionosphere scientists to study lithosphere-
atmosphere-ionosphere coupling, and even open new perspective in the ionosphere research, 
which has a long history of more than 80 years. 
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