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The Outgoing Longwave Radiation Analysis
of Medium and Strong Earthquakes

Bo Su, Hao Li, Weiyu Ma , Zhao Jing, Yao Qi, Cui Jing, Chong Yue, and Chunli Kang

Abstract—Two approaches are applied to outgoing longwave ra-
diation (OLR) data to obtain abnormal changes before and after six
earthquakes: the background field analysis (BFA) method, which
focuses on statistically processing the increment of a radiation
value to the multiyear average of the data; and the tidal force
fluctuant analysis method, which abandons background data for
many years by using the influence of tidal fluctuations to obtain
incremental changes in radiation. The results demonstrate that the
increase in OLR data identified via the BFA method was uncer-
tain. In the time distribution, the occurrence time of anomalies is
isolated and not continuous. In the spatial distribution, many OLR
enhancement areas occurred multiple times in the nonseismic and
remote seismic-related fault structure areas. In contrast, through
the tidal force fluctuant analysis method a clear and consecutive
OLR anomaly emerged in the seismogenic cycle of the tidal force.
It corresponded with the tidal force through a unique evolution:
increased-earthquake-shrink around the epicentre, consistent with
the change in the law of thermal radiation during the rock-breaking
process under stress, and clearly related to the earthquake’s seismic
tectonic stress change. It is proven that the tidal force of a celestial
body may trigger an earthquake when the tectonic stress reaches
its critical breaking point, and when the triggering action is a
continuous rather than brief one-shot process. The in situ stress
state is key. The OLR anomaly was the physical performance of
underlying surface radiation from the change in seismic tectonic
stress.

Index Terms—Earthquake, outgoing longwave radiation (OLR)
anomaly, thermal infrared, tidal force.

I. INTRODUCTION

FOR more than 30 years, scholars from various countries
have conducted thermal anomaly monitoring on a large

number of seismic cases via satellite remote sensing, conse-
quently claiming that the evolution in thermal anomalies in a
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seismic region reflects seismotectonic activities before and after
an earthquake. Today, thermal infrared anomalies are generally
classified under three main categories according to the imple-
mentation principle of each algorithm, with anomaly extraction
based on either difference analysis [1], [2], signal analysis
[3]–[6] or background field analysis (BFA) [7]–[10]. In the first
type, the algorithm principle is simple, although it is necessary to
combine other data in order to identify and interpret the extrac-
tion result, and it is difficult to eliminate the impact of short-term
meteorological warming. The second case is also based on
average change over time, covering short-term fluctuations in
meteorological data, but explanation of its mechanism requires
improvement. The third example, anomaly extraction based on
the BFA, working through comparison with the background
field for many years. it includes migration index algorithm of
the same period over the years, RST algorithm, etc. The RST
methodology identifies space-time anomalies always respect to
a preliminarily defined “normal” (i.e., in unperturbed condition)
signal behavior which is achievable by the analysis of long-term
series of satellite records collected under similar observational
conditions for each image pixel and period of the year [11], [12].
In the BFA method, the selection of background field mainly
includes two kinds, namely, the mean of temperature in the same
period of each year and the mean of temperature in the space
domain [12]–[15]. But overall findings remain uncertain due to
insufficient stability of the background field [16].

Due to the obvious influence of cloud in the atmosphere on
infrared, Genzano et al. [17] used RST method to study the
bright temperature anomaly before the earthquake and only
calculated the cloud-free pixels, Tramutoli et al. [11], [18],
Pergola et al. [15], did not calculate the pixels with clouds in
the spatial computation, while Shao-Yan et al. [19] performed
cloud removal on the bright temperature data before calculation.
Zhang et al. [21] clearly proves that there are thermal anomalies
under the cloud, and the operation of removing the cloud itself is
wrong and should be handled with caution. The above arguments
lead to question on the practicability and rationality of the RST
method and the application range of bright temperature data. For
if there are successively cloudy over the seismic genic area, the
cloud removal, omit, replace and other operation will completely
change the original radiation environment. How can the result
reflect the infrared change before the earthquake? Therefore, it
is necessary to find more practical and better data, and a means
of selecting background data for the identification of thermal
anomalies, as well as determine the period of thermal anomalies
to be analyzed before an earthquake.
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TABLE I
LIST OF EARTHQUAKES IN THIS ANALYSIS [FROM USGS CATALOG (HTTPS://EARTHQUAKE.USGS.GOV/EARTHQUAKES/)]

An alternative form of pre-earthquake thermal identification
based on tidal wave dynamics and the tidal force fluctuant
analysis method has been utilized for some earthquakes. This
method is an analytical method subtracting the normal back-
ground image from a series of temperature images accord-
ing to the tidal force fluctuant cycles based on OLR data.
This procedure is done in order to reduce disturbances from
other factors and extract the abnormal temperature increase
caused by activities in the Earth’s crust [22], [23]. This al-
gorithm does not require long-term background data and its
thermal anomaly results are consistent with the law of thermal
radiation change in the process of rock mechanics loading
fracture, that is, increasing→strengthen→peak→fading→re-
strengthen→calmness [22], [24]–[26].

In this article, we use anomaly extraction algorithms based
on the BFA and the tidal force fluctuant analysis methods to
identify thermal anomalies prior to the Osaka 2018 Mw5.5
earthquake, a Mw5.3 of 2016 earthquake in a similar location,
and four other earthquakes (see Table I) on different continents
with various seismotectonic and meteorological conditions and
strengths (see Table I). We present the results of our analysis of
outgoing longwave radiation (OLR) data obtained using these
methods, and attempt to solve existing problems in thermal
anomaly analysis before earthquakes.

II. DATA AND METHODOLOGY

A. Data

We chose OLR, which is the thermal radiation flux emergent
from the top of the atmosphere and connected with the
earth-atmosphere system in general, which is an unknown
combination/convolution of the ground radiation, cloud
radiation, absorption and radiation of the atmosphere, a
function of atmospheric temperature and humidity profiles, and
there is no need to remove cloud processing when studying
the correlation with earthquakes. It has been applied to the
analysis of seismic thermal anomalies by many scholars
[27]–[30]. OLR is the heat radiation flux(W/m2) emerging
from the upper atmosphere, widely used in the analysis of
thermal anomalies before earthquakes [29], [31]–[33]. Here,
we analyzed NOAA/AVHRR OLR data collected from the U.S.
National Weather Service Environmental Modeling Center.1

1Online. [Available]: http://www.emc.ncep.noaa.gov

Fig. 1. Satellite cloud images from June 9–20, 2018, before and after the
M5.5 Osaka earthquake of June 17, 2018 in Japan. The red five-pointed star is
the epicenter.

The NOAA OLR is the commonly used data product in various
studies and is retrieved from the AVHRR TIR bands (10.5–12.5
μm) with daily and monthly mean values [34]. Given that the
BFA method requires long-term background data, we use OLR
data with a spatial resolution of 2.5° × 2.5°. In contrast, the
tidal force fluctuant analysis method does not need long-term
background data, allowing us to use a higher spatial resolution
of 1° × 1°. The temporal resolution used by both methods is
daily.

Cloud processing is an important issue in the identification
of seismic thermal anomalies. To this end, we first analyzed the
cloud status of the study area. The cloud map (see Fig. 1) of Os-
aka 2018 Earthquake was extracted, and it was found that there
were a large number of clouds continued to exist for many days
before the earthquake. If only cloud-free pixels are considered or

http://www.emc.ncep.noaa.gov
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data is decloud processed, we will lose a large amount of the most
critical infrared thermal information of impending earthquakes,
and the relationship between the infrared parameters of reaction
heat and earthquake could not be realized. Therefore, in order
to more truly reflect the original radiation environment changes,
we did not revise, remove or replace the data of the cloud period
in the calculation. On the other hand, TIR data where there any
clouds are totally influenced by the presence of the clouds. The
effect is completely unknowable. If you include the cloudy pixels
in your TIR analysis, the results are meaningless. So we did not
use brightness temperature data.

B. BFA Method

The BFA method used in this article is the migration index
algorithm based on the mean value of temperature in the same
period over the years [10], [19]. This method is based on
spatio-temporal analysis of several years of historical data sets
for satellite observations obtained under identical observation
conditions. It usually combines long-term series analysis of the
epicentre with spatio-temporal analysis of the study area.

First, we collected the daily mean values of OLR one to two
months before and after the earthquakes. The increment (ΔOLR)
of a thermal parameter of each pixel on any day can be calculated
as

ΔOLR (ri, t) = OLR (ri, t)

−
∑

OLRBY (ri, t)EBY(ri, t)

EBY(ri, t)
. (1)

Where OLR(ri, t) is the OLR value of the position ri on any
day t in the analysis time,OLRBY(ri, t) is the same pixel on the
same day as OLR(ri, t) in the background year we chose (the
background year chosen in this article is 30 years). EBY(ri, t)
is the marker value of pixel (ri consistent with image acquisition
time, BY is the background year. If there is no medium-to-large
(M > 5.5) earthquake, EBY(ri, t) = 1; otherwise, EBY(ri, t)
= 0

In time series analysis, we use ΔOLR(ri, t) > n ∗ δ(ri) to
identify anomalies. Where δ(ri) is the standard deviation of
δ(ri) at the same position and at the same time for many years.
Some researchers identified earthquakes using a threshold of 1
δ, some using 1.5 δ and some using 2 δ, 3 δ [7], [12], [34],
and so on. In this study, we analyze the values of n = 1, 1.5, 2
respectively.

To observe the spatial relationship between the anomaly and
the epicentre, we analyzed the spatial distribution of the OLR
anomaly by calculating the anomaly index K(ri, t)

K (ri, t) =
OLR (ri, t)− μ (ri)

δ (ri)
(2)

where K(ri, t) is the anomaly index value of the pixel at time
t and position ri; OLR(ri, t) is the pixel value at time t and
position ri; μ(ri) is the mean value at the same position and
time for many years; and δ(ri) is the corresponding standard
deviation.

C. Tidal Force Fluctuant Analysis Method

The tidal force fluctuant analysis is a thermal anomaly extrac-
tion algorithm based on tidal force. It first calculates the change
curve of tidal force in the epicentre over time, and then judges
the phase of the tidal force-induced earthquake according to the
structure of the seismic region. Next, the time of this phase is
taken as the background time of OLR anomaly extraction in
order to analyze the space-time sequence of OLR.

The tidal force induced by celestial bodies represents one of
the most important external causes of ground stress, which may
accumulate to the extent of triggering an earthquake [35]–[37].
It is periodically and continuously changing and the phase of
its seismic induction varies with seismic structure [22], [38],
[39]. At present, the tide-generating force of celestial bodies is
the only earth deformation phenomenon that can be calculated
in advance, which has a certain indicative function in the time
domain, but it is difficult to judge whether the stress intensity of
seismogenic tectonic movement will reach the critical point.

Subsequently, based on the tidal cycle, the starting time of
each cycle was taken as the reference time background and
the change in satellite OLR data was extracted according to
(3). Generally, the starting phase of each cycle is the previous
turning point of the phase of the earthquake, and the phase of
the tidal force position at the time of the earthquake has a certain
relationship with the type of earthquake. The normal fault and
strike-slip type earthquake mostly occurs near the peak of the
tidal force position. Usually, the first low-value phase moment
before them is selected as the background moment, and then the
moment is subtracted daily; the reverse fault type earthquake
occurs mostly in the low tide position, and preseismic high
point is usually chosen as the background of this period [21],
[23]–[25].

Continuous changes in images before and after the earth-
quake were obtained as the basis to analyze impending seismic
anomalies

ΔOLRi (x, y) = OLRi (x, y)−OLRbackground (x, y) (3)

Here, ΔOLRi(x, y) is the OLR incremental value of each
grid point, OLRi(x, y) is the OLR value of each grid point, and
OLRbackground(x, y) is the OLR value of the fixed background.
In this article, we use the starting time of each cycle as the time
background for the following cycle, and x, y, and i to denote the
latitude, longitude and grid-point mark, respectively.

III. OLR CHANGES IN EARTHQUAKES IN JAPAN USING THE

BFA AND THE TIDAL FORCE FLUCTULANT ANALYSIS

A. Case of the June 17, 2018 Osaka Earthquake

On June 17, 2018 at 07:58 UTC, a Mw 5.5 earthquake
occurred 2 km NNW of Hirakata, Japan. The location of its
epicentre was 34.843° N, 135.622 °E with a focal depth of 13
Km. The earthquake had the highest magnitude ever observed
by the Japanese meteorological agency in Osaka, Japan, since
the beginning of observation history in 1923. The seismic mech-
anism shows that the shock structure belongs to the reverse fault.
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Fig. 2. Time series of daily OLR anomalies for May 1–June 30, 2018 at the
epicentre of the M5.5 Osaka earthquake of June 17, 2018.

B. OLR Change of the Osaka Earthquake of June 2018
Using BFA

1) Result in Time: Fig. 2 displays the time series of daily
OLR anomalies for May 1– June 30, 2018 at the epicentre
(34.843° N, 135.622° E) of the Osaka earthquake. If we take
n = 1, it can be seen that ten days were identified as anomalies
in the OLR field, specifically May 4, May 10, May 14, May
21, May 26, June 1, June 2, June 12, June 13, and June 16. Of
these dates, the ΔOLR value of June 2 reached the maximum of
63 W/m2. No earthquake occurred within 14 days afterwards.
Moreover, no earthquake occurred within 14 days following
an abnormal day other than June 12, June 13, and June 16.
With so many anomalies, why were there no corresponding
earthquakes? Even when anomalies occurred on June 12, June
13, and June 16—the days immediately preceding the June 17,
earthquake—they were not the highest of all anomalies. How do
we judge which anomaly indicates an upcoming earthquake? If
we take n = 1.5, we can see that no anomaly is identified, let
alone that n is larger.

2) Spatial Distribution: Fig. 3 displays the spatial distribu-
tion of the OLR anomaly in the research area before and after the
Osaka earthquake. We use different colors to express different
anomaly index K. The value of anomaly index greater than 1
and less than 1.5 is considered as weak anomaly, the value of
anomaly index 1.5–2 is considered as slightly strong anomaly,
and the value greater than 2 is considered as strong anomaly.
There were some significantly abnormal OLR increases from
May 12 to June 4. On May 12 an anomaly appeared in the
northeast region far from the epicentre, with an anomaly index
value of 2–2.2. On May 13, a slightly larger anomaly appeared
in the northwest. On May 14 anomalies occurred in several
places. The highest value (2.2) appeared in the southeastern
part of the epicentre, while most other areas presented values
of approximately 1.8. A weak anomaly of 1.6 occurred near
the epicentre. Abnormal decreases were observed from May
15 to May 18. On May 19 the southern region, far from the
epicentre of the earthquake, experienced anomalies and peaked
at 2.5 from April 28 to April 30. On June 1 a weak anomaly
(2.0) appeared at the epicentre and in most regions monitored.
On June 2 the anomalous range grew and the anomalous region

Fig. 3. Daily maps for May 12–June 20, 2018, representing the OLR anoma-
lies’ spatial extent over the M5.5 Osaka earthquake of June 17, 2018.
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Fig. 4. Variations in tidal force from a celestial body before and after the Osaka
M 5.5 earthquake.

in the south was strengthened. On June 3 the anomalous region
near the epicentre disappeared. On June 4 the anomalous region
to the north of the epicentre was strengthened, with a value of 2.2.
At the same time, a wide range of anomalies with values of 2.2
occurred in the northeast, far from the epicenter. As can be seen
from these data, numerous regions demonstrated enhanced OLR,
especially those far from the epicentre or seismically related
fault structures. Moreover, only sporadic OLR enhancements
occurred at the epicenter and in related regions, which were
either large in area or extremely insignificant relative to the
enhancement regions in general. We cannot distinguish which
anomalies were related to earthquakes or as certain the locations
of the earthquakes.

C. Tidal Force Change and OLR Data Processing of the
Osaka Earthquake of June 2018

1) Tidal Force Change: The continuous change curve of the
tidal force at the epicentre from May 1 to June 30, 2018—the
same time period analyzed by the BFA method—is plotted in
Fig. 4. The abscissa is the time series and the ordinate is the
intensity of tidal force. The unit is Gal.

From May 11, 2018, the tidal forces of celestial bodies dis-
played three consecutive periods (A: May 11–23; B: May24–
June 7; and C: June 8–21), continuous from peak → trough
→ peak, which were clearly cyclical changes. An earthquake
(indicated by the arrow) occurred on June 17, 2018 (UTC), and
the tidal force was in a trough phase. This suggests that the tec-
tonically induced earthquake region was a reverse fault, consis-
tent with the result of the focal mechanism solution, and thereby
demonstrating that the tidal force has a certain evoked effect
on the earthquake. However, visually showing the correlation
between tidal change and tectonic stress change constitutes an
issue that has vexed researchers for many years. Laboratory rock
mechanics and loading experiments have revealed a general phe-
nomenon: in the process of rock stress ruptures, the infrared radi-
ation in the area of rupture shows a significant fluctuation process
of increase→attenuation→enhancement→disappearance [40]–
[48]. Although it is the result of the loading experiment in the

Fig. 5. Spatial-time evolution of the OLR of the Osaka (Japan) earthquake on
17 June 2018. Note: epicentre = •.

laboratory, it provides us with an idea of macroidentification
and whether there are similar phenomena in macro seismic
observation, which is of great value for the identification of
seismic thermal anomalies. For this purpose, we used ground
OLR data to analyze the characteristics of regional radiation
under different tidal cycles from macroscopic perspectives to
indirectly reflect the relationship between stress changes and
regional radiation.

2) Change Process of OLR Using the Tidal Force Fluctuant
Analysis Method: In the case of the Osaka earthquake of June
17, 2018, we used the OLR data on May 11, 2018, May 24,
2018 and June 8, 2018, as the background for each period
of the tidal force fluctuant analysis: A (May 11–23, 2018), B
(May 24–June 7, 2018), and C (June 8–21, 2018), which were
the peak phase of the corresponding periods of the tidal force
fluctuant analysis. Then, the OLR values from May 11 to June
21 were subtracted from this OLR benchmark value for the
same region. Thus, we obtained a series of OLR variations,
shown in Figs. 5 –7. The OLR survey for June 9–20, 2018,
cycle C of the tidal force of the celestial body (see Fig. 5)
indicates that a significant change in OLR occurred around the
epicentre before and after the earthquake in the study area. The
anomaly appeared near the epicentre on June 9 and disappeared
on June 10. On June 11 the anomaly appeared northeast of
the epicentre; on June 12 abnormal enhancement occurred and
spread to the epicentre; on June 13 further abnormal enhance-
ment occurred; on June 14 and 15 the abnormality disappeared
again; and on June 17 the main shock occurred. After the
earthquake, the abnormality rapidly disappeared by June 19
and calm continued into June 20. The abnormal distribution and
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Fig. 6. Spatial-time evolution of the OLR of the Japan from June 9–20, 2017.

evolution of OLR had a strong correlation with the earthquake.
Dispersion–convergence–dispersion–migration in the fault re-
gion was reflected in the OLR anomaly signal. Usually a change
in OLR includes evolutions such as increasing → strengthen →
peak → fading → re-strengthen → calmness, consistent with
the rock failure process. The extrusion of tectonic movement
comprises these evolutions: microbreaking→rupture strength-
ening → accumulating energy (the atresia of stress) → releasing
energy → shaking → tranquilising [44]. Combining the cloud
images during the earthquake period (see Fig. 1), clouds almost
all existed over the epicenter during the OLR enhancement
period, especially on the 13th when the radiation of the epicenter
increased the most and the cloud coverage was also the strongest.
Therefore, if cloud removal is done, the infrared changes during
the earthquake period will be accurately eliminated.

However, in the same phase of the period of the tidal forces A
(May 12–20 2018) and B (May 25–June 5, 2018), no significant
OLR anomalies were found in this area. Therefore, no earth-
quake occurred. In addition, we analyzed the OLR in the same
time period in 2017 and found that there were no earthquakes
and no increase in OLR during this period (see Fig. 6).

D. OLR Analysis Using the Tidal Force Fluctuant Analysis
With Another Earthquake Occurring in a Similar Location
in Japan

To verify the reliability of the tidal force fluctuant analysis
approach, we analyzed another Mw 5.3 earthquake, which oc-
curred 10 km NNE of Tanabe, Japan on November 19, 2016
at 02:48 UTC. This earthquake exhibited similar parameters to

Fig. 7. Satellite cloud images from November 14–23, 2016, before and after
the Mw 5.3 earthquake occurring 10 km NNE of Tanabe, Japan, on November
19, 2016. The red five-pointed star is the epicenter.

the Osaka earthquake with regard to mechanism and location.2

The results showed that although there are still a lot of clouds
in the corresponding period of OLR evolution (see Fig. 7),
the OLR anomaly evolution from this earthquake were also
analogous (see Fig. 8). In space, they were almost distributed
along the east-west direction of the epicentre. In time, the
OLR presented increasing→strengthen→peak→fading→re-
strengthen→calmness. it also shows that using OLR combined
with the TFFT method, the pre-earthquake cloud has little in-
fluence on the results, while the de-cloud operation should be
careful. Similarly, we analyzed the OLR for this time period in
2017, and there was still no earthquake and no OLR enhance-
ment (see Fig. 9).

IV. ANALYSIS OF OTHER EARTHQUAKE CASES IN

DIFFERENT REGIONS USING THE BFA AND THE TIDAL

FORCE FLUCTUANT ANALYSIS

In order to analyze whether similar thermal anomaly identi-
fication processes occurred in earthquakes in other parts of the
world, we considered cases in Greece, Turkey, Xinjiang (China),
and Oklahoma (USA). Our results were similar.

A. BFA Results

The time series of daily OLR anomalies at the epicentre of
four earthquakes are plotted in Fig. 10. When is greater than 1
δ, we mark it with a red circle, and when is greater than 1.5 δ ,
we mark it with a blue circle. When 1 δ is taken as the threshold

2Online. [Available]: https://earthquake.usgs.gov/earthquakes/

https://earthquake.usgs.gov/earthquakes/
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Fig. 8. Spatial-time evolution of the OLR anomaly increase from the Mw 5.3
earthquake occurring 10 km NNE of Tanabe, Japan, on November 19, 2016.

Fig. 9. Spatial-time evolution of the OLR of the Japan from November 14–23,
2017.

Fig. 10. Time series of daily OLR anomalies at the epicentre of the Greek,
Turkey, Xinjiang, and Oklahoma earthquakes.

for anomaly recognition, it can be seen that these anomalies
are numerous and scattered, and there is no corresponding
earthquake behind the anomaly. Therefore, we cannot ascertain
which anomaly indicates an upcoming earthquake. When taking
1.5 δ as the threshold for anomaly identification, the Turkey
earthquake and Xinjiang earthquake did not identify anomalies.
There were only two anomalies in the Greece earthquake, one
was 23 days before the earthquake and one was 11 days af-
ter the earthquake. The Oklahoma earthquake only identified
one anomaly, 21 days before the earthquake, so far away and
isolated that we had no way of knowing if it was related to the
earthquake. When taking 2 δ as the threshold, no anomalies were
identified for all four earthquakes. Therefore, when the threshold
of anomaly detection is small, the detected anomalies are many
but scattered; when the threshold of anomaly detection is large,
the detected anomalies are few, isolated and far away from the
seismogenic time, and the detected anomalies do not follow
certain rules. Therefore, it is difficult to determine the possible
time of seismogenic time through infrared enhancement.

Given the limited space here, we only include some repre-
sentative maps (images of anomalies near the epicenter and
strong anomalies in the study area) to reflect the changes in OLR
abnormalities in the study area over time (see Figs. 11–14). It
can be seen that although these earthquakes all present anomalies
near the epicentre, they sporadically jump; moreover, abnor-
malities away from the epicentre are stronger than those close
by. Therefore, it is not particularly easy to distinguish which
anomalies are related to earthquakes in the spatial distribution
map of OLR anomalies obtained by the BFA method.

B. Tidal Force Fluctuant Analysis Results

Fig. 15 shows the tidal force change curves of the four earth-
quakes on different continents over time. The arrow refers to the
earthquake time, while the vertical line is the background time
of the seismic cycle. It can be seen that the celestial tidal force
change is a continuous process with obvious periodicity, con-
sistently presenting the cycle of trough→peak→trough→peak.
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Fig. 11. OLR evolution in the spatial distribution of the Mw 6.9 Greece
earthquake on February 14, 2008.

Fig. 12. OLR evolution in the spatial distribution of the Mw 7.2 Turkey
earthquake on October 23, 2011.

Each turning point indicates that the celestial tidal force al-
ters the nature of the tectonic environment to enhancement→
attenuation→ enhancement→ attenuation of the transformation
process. Ma et al. pointed out that earthquakes occurring at the
highest stage of tidal force had normal faults or approximately
normal strike-slip faults with low background. The earthquakes
that occur in the area of reverse fault tectonics mostly occur
when the tidal force is low, and the background generally occurs
when the tidal force is high [20]. Due to the diversity of tectonic
settings, the earthquakes occurred at different periods of the
tidal force of the celestial body, although all four took place
after the tidal force was closest to the turning point, reflecting

Fig. 13. OLR evolution in the spatial distribution of the Mw 5.9 Xinjiang
earthquake on March 8, 2012.

Fig. 14. OLR evolution in the spatial distribution of the Mw 5.7 Oklahoma
earthquake on November 6, 2011.

the continuous accumulation and strengthening of the stress.
This indicates that the instantaneous change of the tidal force
often fails to result in an earthquake, and its damaging effect
on the seismic structural stress balance represents a continuous
process.

To help verify the method’s recognition rate, we zoomed in
and expanded the study area to achieve a coverage of 40o × 40o.
Similarly, based on the tidal cycle, we obtained the spatial-time
evolution of the OLR before and after the four earthquakes. The
results demonstrated that all four presented a clear, continuous
enhancement area around the epicentre only in the seismo-
genic cycle among the three consecutive variation cycles of
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Fig. 15. Variations in tidal force from a celestial body before and after the
Greece, Turkey, Xinjiang, and Oklahoma earthquakes. The vertical dashed line
is the background time of the seismogenic cycle.

Fig. 16. Incremental field distribution of OLR of the Mw 6.9 Greece earth-
quake on February 14, 2008.

Fig. 17. Incremental field distribution of OLR of the Mw 7.2 Turkey earth-
quake on October 23, 2011.

the tidal force. And the highest point in the actual region, the
region of continuous warming is the epicenter. In other tidal
cycles, no significant OLR anomalies were identified and no
earthquake occurred. Figs. 16–19 present the OLR temporal
and spatial changes in the seismogenic cycle of the Greece,

Fig. 18. Incremental field distribution of OLR of the Mw 5.9 Xinjiang earth-
quake on March 8, 2012.

Fig. 19. Incremental field distribution of OLR of the Mw 5.7 Oklahoma
earthquake on November 6, 2011.

Turkey, Sichuan and Oklahoma earthquakes, respectively. It can
be seen that the enhancement demonstrated a similar evolution
process (increase→ earthquake→ shrink around the epicentre),
consistent with the rock failure process.

V. DISCUSSION AND CONCLUSION

The BFA and the tidal force fluctuant analysis methods were
used to analyze the OLR changes before and after several
earthquakes in different regions. Based on the BFA method,
the OLR identification results of these earthquakes proved un-
certain. In the time series analysis of anomaly recognition, we
respectively take 1 δ , 1.5 δ and 2 δ for analysis, when taking
1 δ as the threshold, in the time series changes of OLR at
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the epicentres of these earthquakes, many days were identified
as abnormal, but no earthquake occurred during the follow-up
period. Furthermore, the OLR variation on the day closest to
the earthquake was not large. When the threshold was 1.5 δ,
only a few anomalies were identified in the Oklahoma earth-
quake and Turkey earthquake. However, the occurrence date of
the anomalies was more than 20 days apart from the time of
the earthquake and it was isolated, so it was impossible to judge
whether the anomalies were related to the earthquake. When
2 δ was taken as the threshold, all the earthquake examples in
the article had no abnormalities identified. This may be that the
seismic anomaly identification itself is to extract the weak signal
under a strong background. The statistical method based on the
BFA method depend on the availability of a large amount of
historical data and is easily affected by various factors, lower
threshold, will catch a lot of noise, improve the threshold, are
undetectable. When the threshold is low, the abnormality cannot
be identified correctly, and when the threshold is increased,
the abnormality may not be found. In the spatial distribution,
many OLR enhancement areas occurred multiple times in the
nonseismic and remote seismic-related fault structure areas.
Even if the OLR enhancement occurred sporadically near the
epicentre, either the abnormal area was large or the abnormal
amplitude was not prominent relative to the overall enhancement
area. Moreover, the occurrence of anomalies was not continuous,
which was inconsistent with the results of infrared radiation
experiment of rock mechanics fracture. This renders it difficult
to determine when and where earthquake-related anomalies will
occur. In contrast, the OLR changes obtained using the tidal
force fluctuant analysis method from the Osaka earthquake and
another M5.3 earthquake with a similar location and physi-
cal mechanisms presented analogous abnormal characteristics.
Moreover, the four earthquakes in other countries exhibited
similar processes of evolution. During the study period, there
was an obvious, continuous enhancement area near the epi-
centre. The enhancement near the epicentre was the highest
in the whole image region. The enhancement represents the
dynamic evolution of continuous increases before an earthquake
and weakening afterward. This is akin to the thermal radiation
evolution anomaly in the process of rock stress loading fractures,
indicating that the evolution process is strongly correlated with
earthquake formation. This process reflects the fact that the
evolution process of the seismogenic tectonic environment in
stress-strain fractures conforms to the continuous characteristics
of stress microfracture rupture latching. It indicates that when
the tectonic stress reaches its critical breaking point, the tidal
force of the celestial body may trigger an earthquake, with the
OLR anomaly the physical result of underlying surface radiation
from the change in seismic tectonic stress. It is emphasized that
the seismic thermal anomaly process is a continuous evolution
process which is closely related to the seismogenic structure and
conforms to the change law of rock rupture radiation under the
action of stress, rather than a sporadic and irregular large-scale
distribution.

It is also interesting to note that the magnitudes of the
OLR anomalies in the six earthquakes differ, which should
be related to the times at which the individual earthquakes

occurred. The Osaka earthquake occurred in the summer, with
high temperatures and the greatest increases. The Xinjiang
earthquake occurred in the spring, and the temperature was
relatively high, with a relatively large increase. The other
four earthquakes occurred in the autumn or winter, with low
temperatures and small increases. Finally, the OLR decay
process prior to these earthquakes may have represented a
sign of the lock-up period of rock stress. These findings may
prove useful in detecting future earthquakes. In addition, we
can see that the tidal force fluctuant analysis method in this
article, the highest point in the actual region, the region with
continuous warming is the epicenter, and several earthquake
examples in this article are also reflected in this way. However,
the existing research methods take n times sigma or specific
values as the threshold to identify the anomaly, but the anomaly
criteria defined by different methods and different earthquake
cases are not consistent, which we believe is contradictory in
itself. The earthquake itself is a process of energy accumulation
to the outbreak, the pre-earthquake anomalies reflected in
different earthquakes and different regions cannot be judged by
quantitative data, but by the process of development before the
earthquake.

As the only geophysical parameter that can be calculated in
advance, tidal force not only provides predictable mechanical
transformation indications for geophysical observations, but
also offers a time component with clear mechanical implica-
tions for the remote sensing of anomalies. However, how the
change in tidal force modulates and induces the occurrence
of an earthquake and how the radiation anomaly is affected
(especially under complex underlying surface conditions) is
partially determined by non-seismic factors, such as topography,
landform composition, and atmospheric circulation. The mech-
anism remains unclear. In future, it will be necessary to advance
study of the physical mechanism of the tidal force seismogenic
model and explore the precursory and recurrent characteristics
of radiation anomalies in order to improve early warning ability
prior to strong earthquakes in specific areas.

The fact of thermal radiation enhancement under cloud before
earthquake and the processing results of different algorithms are
presented in this article demonstrates that when using remote
sensing technology to analyze the characteristics of phenomena,
greater attention should be paid to the nature of the development
and evolution of the phenomena themselves (or to their internal
dynamic characteristics), rather than simply using statistical
algorithms to examine problems.
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