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ABSTRACT  

The Earth prepares itself before an earthquake and during this time, several precursory signs have been seen across the ocean, land, and atmosphere. 

Earthquakes inflict significant harm to both human lives and property. Therefore, monitoring and understanding the strange behaviour of various geophysical 

parameters as precursors, have become extremely important. The Outgoing Longwave Radiations (OLR), emitted by the surface during the recent ten high-

magnitude (M ≥6.0) earthquake (EQs) events, have been examined in the present work using the Data on OLR from the NCEP website. To analyse the OLR 

as precursory signatures of earthquakes, the climatological analysis for the seismic precursor identification (CAPRI) methodology was carried out. An 

apparent change in the OLR during 2 months before the earthquake events was observed. The maximum and minimum anomalies in OLR before all ten 

events were analysed. The maximum and minimum anomalous increase in OLR varied from 1.16 to 1.25 and 0.71 to 1.11 times greater during the earthquake 

years compared to historical time series respectively, during all the ten EQ events. The study indicates a strange shift in Outgoing Longwave Radiation 

during periods, influenced by the seismic activity. The extent of anomalies in OLR during earthquake events is maximum over the ocean than on the land. 

This is because the accumulation of water vapour traps the outgoing radiation, causing an elevation in temperature over the epicentre and Earthquake 

Preparation Zone (EPZ) 

Keywords: - Earthquake precursor, Outgoing Longwave Radiation (OLR) anomaly, Earthquake Preparation Zone (EPZ), High magnitude earthquakes, 

Epicentre. India and Indonesia 

INTRODUCTION 

Earthquakes are highly destructive natural disasters that occur 

without warning, making prediction crucial for impact 

mitigation. Despite efforts, precise prediction remains 

challenging due to the complexity of seismic events. The 

various ground, atmospheric, and ionospheric precursors have 

been studied over the past few decades, offering insights into 

potential early warning signs. These precursors range from 

ground deformation (Pulinets and Boyarchuk, 2004), 

mechanical deformation (Niu, 2008), gas emissions (Pulinets et 

al., 2003), electromagnetic precursors (Uyeda et al., 2009), 

changes in ionospheric parameters (Liu et al., 2004), and 

thermal anomaly (Pulinets et al., 2006; Zhang et al., 2013; 

Bardhan et al., 2022; Ghosh et al., 2024; Sharma et al., 2024; 

Qasim et al., 2024).  

This work examines thermal precursors, which are temperature 

anomalies in the Earth's crust or near-surface environment that 

occur before seismic activities. Thermal anomalies have been 

detected in areas of earthquake preparation zones, several days 

prior to the seismic events (Tronin et al., 2002; Tramutoli et al., 

2005) and are often attributed to thermal flux emanating from 

the Earth's crust in seismically active regions (Ouzounov and 

Freund, 2004). Several investigations about the occurrence of 

pre-earthquake thermal anomalies in locations like India, 

Japan, China, Sumatra, Italy, Iran, and Haiti, have been studied 

by several researchers (Tronin et al., 2002; Ouzounov and 

Freund, 2004; Tramutoli et al., 2005; Choudhury et al., 2006).  

Schulz et al. (1997) observed latent heat anomalies associated 

with earthquakes, using remote sensing satellite data. In various 

regions of the world, efforts have been initiated to utilise 

thermally associated satellite observations to identify 

anomalous indicators connected to earthquakes, which include 

infrared/microwave brightness temperature (Jing et al., 2018), 

surface temperature (Tronin et al., 2002), air temperature 

(Weiyu et al., 2018), OLR (Ouzounov et al., 2007), and Surface 

Latent Heat Flux (SLHF) (Bardhan et al., 2022; Sharma et al., 

2024). In the epicentral zones and along the faults, these 

anomalous thermal signals were observed for two months 

before significant earthquakes (Pulinets et al., 2006).  

A key parameter used to describe Earth's radiation environment 

is the measurement of Outgoing Longwave Radiation (OLR) 

(Liebmann and Smith, 1996). The Earth's surface absorbs solar 

energy in the form of shortwave (SW) radiation. Due to the 

surface's low thermal conductivity, the absorbed heat doesn't 

penetrate deeply. Instead, it is mostly re-emitted at night as long 

wavelength radiation (LWR) energy. OLR which is associated 

with the top of the atmosphere, integrates emissions from the 

ground, lower atmosphere, and clouds and is primarily used for 

studying Earth's radiative budget and climate dynamics (Gruber 

and Krueger, 1984).  

Several research studies have been performed related to OLR 

(Ouzounov et al., 2007; Rawat et al., 2011; Fu et al., 2020). 

Studies have revealed that abnormal thermal patterns, identified 

through OLR or thermal infrared radiation (TIR), frequently 

emerge prior to or during the earthquake preparation phase 

(Tramutoli et al., 2005; Pulinets et al., 2006). Rawat et al. 

(2011) studied earthquakes in the Indian and Italy regions and  

found 30-45 Wm-2 more energy than the normal period at the 

Earth's surface. Shah et al. (2019) reported significant OLR 

anomalies up to 21 days before major earthquakes in Pakistan 
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and Iran, with flux variations exceeding +2σ occurring 3 to 30 

days prior. Daily OLR data have also been used to examine the 

variability within earthquake-prone zones (Ouzounov et al., 

2007). Fu et al. (2020) identified OLR anomaly as a potential 

earthquake precursor, with thermal releases near the epicentre 

observed 2–15 days before significant events. Hameed et al. 

(2024) identified several atmospheric precursors potentially 

linked to seismic events, including variations in latent heat flux, 

and OLR, occurring 5–10 days before the earthquake. Tronin 

(2006) detected anomalies 4–20 days before a major 

earthquake, while Hafeez et al. (2022) identified them within a 

5–10 day window. Similarly, Qasim et al. (2024) also analyzed 

the March 31, 2020, Mw 6.5 Idaho earthquake using high-

resolution satellite data over a 45-day period. Numerous 

studies, including Akhoondzadeh (2024), who have reported 

abnormal physical and chemical precursors 1–30 days before 

significant seismic events. In the present work, the precursory 

analysis of the thermal parameter - Outgoing Longwave 

Radiation (OLR), is attempted on ten high-magnitude 

earthquakes (M≥6.0) over the Indian and Indonesian regions.    

 DATA AND METHODOLOGY 

The Outgoing Longwave Radiation (OLR) data during the ten 

recent earthquakes were collected from the National Centre for 

Environmental Prediction/National Centre for Atmospheric 

Research (NCEP-NCAR) site. The data collected spanned over 

the Earthquake Preparation Zone (EPZ), including the 

epicentres of the considered earthquake events. The daily OLR 

data has been taken from the link: 

https://iridl.ldeo.columbia.edu/SOURCES/.NOAA/.NCEP/.CP

C/.CBO_V1/.r0p25/.MON/.NRT/.anom. These data sets are 

built by integrating data from satellites with measured values 

from various sites throughout the world. A worldwide dataset 

of various climatological and surface variables is maintained by 

NCEP. The fluxes considered in functional meteorological 

forecasting techniques contain in-situ data. The NCEP-NCAR 

(National Centers for Environmental Prediction/National 

Center for Atmospheric Research) integrates the data from 

remote sensing, aircraft, pibal, rawinsonde, ship, ground 

instruments etc, thus, provides assimilated global reanalysis 

data with an accuracy limit of 10-30 W/m2 (Zhang et al., 2013). 

The daily OLR values have a spatial resolution of 1.87×1.90 

degrees across the globe from 1 Jan 1948 to the current time 

respectively. The earthquake details presented in Table 1 are 

sourced from the United States Geological Survey (USGS) 

(http://earthquake.usgs.gov/activity/world.html) website. This  

table  includes information on event locations, dates, times, 

epicentre coordinates, and focal depths for earthquakes in 

Pariaman, Biak, Papua, Gorontalo, Assam, Port Blair, Ternate, 

Bengkulu and Luwuk.  

DATA SELECTION AND ANALYSIS FOR OUTGOING 

LONGWAVE RADIATION  

To investigate the anomalies observed in OLR before all ten 

earthquakes, the statistical method - Climatological Analysis 

for Seismic Precursor Identification (CAPRI) are applied. 

This section provides a concise overview of the mathematical 

algorithm employed by the CAPRI method. For a more 

comprehensive understanding, readers can refer to the 

detailed discussions in Piscini et al. (2017, 2019). 

Dobrovolsky et al. (1979) proposed an observable association 

between the expected circular area of mechanical, thermal, 

and electromagnetic activity prior to them and the estimated 

magnitude of the upcoming earthquake. Since seismic 

precursors typically form across vast regions surrounding 

impending faults, r = 100.43M. where M is the anticipated 

earthquake's magnitude and r is the “strain radius,” which is 

the affected area's radius in kilometres. The earthquake 

preparation zone (EPZ) is determined using r = 100.43M. Over 

the EPZ, outgoing longwave radiation anomalies have been 

investigated.  

The Climatological Analysis for Seismic Precursor 

Identification (CAPRI) method is employed to identify 

anomalies in climatological variable time series through 

statistical analysis. In this study, the focus is on the OLR 

parameter. Before analysis, the data is spatially averaged over 

the epicentral region. OLR(d)y denotes the average OLR value 

for a specific day 'd' (equivalent to 2 months or 60 days) in a 

given year ‘y’ (spanning a dataset of 38 years). The CAPRI 

methodology is designed to remove long-term trends that may 

exist in the day-to-day dataset. Its methodology is primarily 

proposed to minimize probable "global warming". 

To effectively eliminate these trends, as detailed in studies by 

Piscini et al. (2017, 2019), a 38-year dataset is analyzed by 

considering individual time sequences corresponding to the 

same day. For each day of the year across the entire time span, 

a linear regression analysis is performed on the variables under 

examination. The slope of this fit, denoted as m (d) that 

representing the OLR variation on the same day ‘d’ for each 

year, is then utilized to remove the long-term variations in the 

variable. A linear fit is a good trend given the short time span 

analysed (about 40 years) in relation to climate change (Brohan 

et al., 2006). 

In this process, the initial year in the time-series data, denoted 

as yο, serves as a "reference point." The growth or change in the 

variable is determined by multiplying the slope obtained from 

the linear fit by the number of successive years following the 

first year. This correction is applied to eliminate the long-term 

trends for the subsequent years in the dataset. 

https://iridl.ldeo.columbia.edu/SOURCES/.NOAA/.NCEP/.CPC/.CBO_V1/.r0p25/.MON/.NRT/.anom
https://iridl.ldeo.columbia.edu/SOURCES/.NOAA/.NCEP/.CPC/.CBO_V1/.r0p25/.MON/.NRT/.anom
http://earthquake.usgs.gov/activity/world.html
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OLRʹ (d) y = OLR (d) y – m (d) × (y- yο)        ----       (1) 

This method is carried out for each of the days being 

considered. The advantage of performing a new fit for each day 

lies in its ability to account for the potential influence of 

localized seasonal variations over time, as discussed in Piscini 

et al. (2017, 2019). For each year under examination, the 

resulting data consists of daily spatially averaged Outgoing 

Longwave Radiation (OLR) values, organized day by day. It's 

important to note that, irrespective of the fact that the year did 

not conform to the estimates of the consistent pattern, any 

detected pattern was also removed from that specific year. 

Subsequently, the variables from the time-series data are 

aggregated across all years, focusing on each day ‘d’. This 

aggregation provides the historical mean, denoted as OLRh(d) 

(where ‘h’ signifies the historical time series), spanning the 

previous 37 years, as the year of the earthquake series is 

excluded from this calculation: 

  OLRh (d) = 
1

𝑁𝑦
  ∑ OLR´(d)y

𝛽
𝑦=𝛼     ----                      (2) 

Here, 𝑁𝑦 represents the total number of years that have been 

aggregated, where α is the initial year and β is the 37th year. In 

this context, the program also calculates the standard deviation 

(σ) for each day. The behaviour factor of the subsequent year, 

denoted as 'ỹ,' is subsequently compared to the historical series 

as described in Eq. (1). To facilitate this comparison, we set the 

overall average in the studied period to correspond with the 

average of the historical time series to make this comparison 

possible: 

OLR(d)ỹ = OLR´(d)ỹ − [(OLRỹ
′ )

d
− (OLRh)d] ---- (3) 

In the current study, it's important to account for the possibility 

of a single year deviating significantly from the historical 

average, which could potentially introduce false results. 

Therefore, the equation mentioned above is employed to 

effectively filter out these short-term anomalies. Specifically, 

in this study, anomalous days are identified as those where the 

variable's values deviate by at least 2σ above or below the 

historical average. 

RESULTS  

In this study, we have examined ten recent high-magnitude (M 

≥ 6.0) earthquakes that occurred between years 2015 and 2022. 

In all these events, the behaviour of OLR as a precursor of 

earthquakes has been analysed. The details of all the earthquake 

events are taken from the website of the National Earthquake 

Information Centre (NEIC), and United States Geological 

Survey (USGS), which includes location, date and time, 

epicentre, magnitude, and focal depth (Table 1). 

Variation of OLR during the earthquake events 

1. Pariaman (Indonesia) 

This earthquake occurred in Pariaman, Indonesia (Epicentre: 

1.14⁰ S and 98.65⁰ E) on September 10, 2022, and had a 

magnitude of 6.0 and a focal depth of 20.0 km. The variation in 

OLR has been analysed for the purpose of identifying 

precursory signatures during the earthquake event. (Figure 1) 

shows a comparison of the time series year 2022 (earthquake 

year) with the historical time series years 1985-2021 of OLR. 

In (Figure 1),the black curve with a cross and the red curve with 

a triangle denotes the earthquake year and a historical time 

series of 37 years, respectively. The coloured curve represents 

2.0 (blue) standard deviations from the mean historical time 

series, respectively. In analysis, we examined OLR values for 

59 days leading up to an earthquake event, with the 60th day 

representing the day of the earthquake (purple line). We have 

considered the variation of OLR as an anomaly only when its 

value is above 2 standard deviations from the historical time 

series. (Figure 1) reveals numerous instances where the OLR 

exceeds the values found in the historical time series.  

 

Table1. Details of the studied earthquakes and their magnitude and focal depth 

Sr. 

No. 

Location Date 

and  time (UTC) 

Epicentre 

(Geog. Lat., Geog. Long.) 

Magnitude Focal depth 

(km) 

1 Pariaman, Indonesia 10.09.2022 (23:10:43) 1.14⁰ S, 98.65⁰ E 6.0 20 

2 Biak, Indonesia 10.09.2022 (00:05:12) 2.23⁰ S, 138.17⁰ E 6.2 21 

3 Papua, Indonesia 09.09.2022 (23:31:47) 2.24⁰ S, 138.19⁰ E 6.2 18 

4 Pariaman, Indonesia 13.03.2022 (21:09:22) 0.62⁰ S, 98.62⁰ E 6.7 28 

5 Gorontalo, Indonesia 06.11.2021 (14:37:36) 0.04⁰ S, 124.28⁰ E 6.0 34 

6 Dhekiajuli, Assam, India 28.04.2021 (02:21:26) 26.78⁰ N, 92.45⁰ E 6.0 34 

7 Port Blair, India 17.07.2020 (14:03:40) 11.84⁰ N, 94.93⁰ E 6.1 10 

8 Ternate, Indonesia 14.11.2019 (21:12:54) 1.53⁰ N,126.41⁰ E 6.0 23 

9 Bengkulu, Indonesia 13.08.2017 (03:08:10) 3.76⁰ S, 101.62⁰ E 6.4 31 

10 Luwuk, Indonesia 15.03.2015 (23:17:16) 0.54⁰ S, 122.30⁰ E 6.1 31 
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Figure 1. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2022 vs. mean historical time series 

1985-2021 (red triangle) during the earthquake events that occurred in Pariaman, Indonesia (10.09.2022) having epicentre (1.14⁰ S, 98.65⁰ 

E). The blue coloured curve indicates 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 

 

Figure 2. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2022 vs. mean historical time series 

1985-2021 (red triangle) during the earthquake events that occurred in Biak, Indonesia (10.09.2022) having epicentre (2.23⁰ S, 138.17⁰ E). 

The blue coloured curve indicates a 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 

 

During the earthquake year, there is an increase in the OLR on 

the 2nd, 12th -13th, 17th, 39th -40th, 48th, 51st -52nd and 57th, days 

with the values 183.37 Wm-2, 160.91 Wm-2, 185.12 Wm-2, 

161.65 Wm-2, 164.69 Wm-2, 175.64 Wm-2, and 174.14 Wm-2, 

respectively, greater than 2σ from the mean historical time 

series. Again, it was observed that OLR values exhibited an 

increase during several periods: from the 4th to the 6th days, 

the 21st to the 23rd day, the 25th to the 30th days, and from the 

34th to the 37th days with the average OLR values during the 

earthquake year and historical time series were ∽259.40 Wm-

2, ∽180.26 Wm-2, ∽252.76 Wm-2, ∽238.23 Wm-2, and ∽212.77 

Wm-2, ∽213.33 Wm-2, ∽210.73 Wm-2, ∽202.29 Wm-2, 

respectively. The analysis distinctly shows that the maximum 

OLR anomalies, serving as precursory signatures, occur in the 

period leading up to the earthquake day. 

2. Biak (Indonesia)  

The earthquake that occurred on September 10, 2022, had a 

magnitude of 6.2 and a focal depth of 21.0 km (epicentre 2.23⁰ 

S and 138.17⁰ E) in Biak, Indonesia. (Figure 2) shows a 

comparison of the time series year 2022 (earthquake year) with 

the historical time series years 1985–2021 of OLR. The 37-year 

historical time series and the earthquake year are indicated in 

(Figure 2) by the red curve with a triangle and the black curve 

with a cross, respectively. (Figure 2) shows many instances in 

which the OLR exceeds the historical time series. There is an 
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increase in the OLR on the 4th, 20th, 26th, 41st – 42nd, and 44th 

days with a value  ~238.45 Wm-2, ~261.17 Wm-2, ~248.03 Wm-

2, ~257.91 Wm-2, and ~255.67 Wm-2, respectively, of greater 

than 2σ from the mean historical time series. Again, it was 

found that the OLR values increased from the 5th to 8th days, 

and from the 22nd to 24th days, with the average OLR values 

during the earthquake year and historical time series  being   

~185.33 Wm-2, ~192.03 Wm-2 and ~225.42 Wm-2, ~222.02 

Wm-2 respectively. Several days show the anomalous 

behaviour of OLR during the pre-earthquake period. It is clear 

that from (Figure 2) before the earthquake day, the highest 

numbers of anomalies in OLR as precursory signatures are 

observed. 

3. Papua (Indonesia)  

The next earthquake event occurred on September 09, 2022, 

with a magnitude of 6.2 (epicentre: 2.24⁰ S, 138.19⁰ E) and a 

focal depth of 18.0 km in Papua, Indonesia. (Figure 3) shows a 

comparison of the time series year 2022 (earthquake year) with 

the historical time series years 1985–2021 of OLR. (Figure 3) 

shows many instances in which the OLR exceeds the 2σ from 

the mean historical time series. On several days, the increase in 

the OLR values on the 5th, 21st, 27th, 35th, 42nd - 43rd and 45th 

days with values ~238.45 Wm-2, ~261.17 Wm-2, ~248.03 Wm-

2, ~239.58 Wm-2, ~257.55 Wm-2 and ~255.67 Wm-2, 

respectively, greater than 2σ from the mean historical time 

series. Again, it was found that the OLR values rise from the 

6th to 9th days, and from the 23rd to 25th days, with the average 

OLR values during the earthquake year and historical time 

series being ~185.33 Wm-2, ~192.03 Wm-2 and ~225.44 Wm-2, 

~222.02 Wm-2 respectively. Several days show the anomalous 

behaviour of OLR during the pre-earthquake period. It is 

clearly observed that the maximum anomalies in OLR as 

precursory signatures are mostly observed before the 

earthquake day.  

4. Pariaman (Indonesia) 

The earthquake that occurred on March 13, 2022, had a 

magnitude of 6.7 and a focal depth of 28.0 km (epicentre: 0.62⁰ 

S and 98.62⁰ E) in Pariaman, Indonesia. (Figure 4) shows a 

comparison of the time series year 2022 (earthquake year) with 

the historical time series years 1985–2021 of OLR. The 37-year 

historical time series and the earthquake year are indicated in 

(Figure 4) by the red line with a triangle and the black line with 

a cross, respectively. (Figure 4) shows many instances in which 

the OLR exceeds the historical time series. There is an increase 

in the OLR on the 14th, 16th, 28th to 29th, 52nd to 53rd and 56th 

days with values ~231.66 Wm-2, ~245.65 Wm-2, ~167.31 Wm-

2, ~190.51 Wm-2, and ~197.21 Wm-2, respectively, greater than 

2σ from the mean historical time series. Again, it was found 

that the OLR values rise from the 1st to 4th days, 8th to 10th days, 

and from the 23rd to 25th days, with the average OLR values 

during the earthquake year and historical time series being 

~240.07 Wm-2, ~233.46 Wm-2, ~179.13       Wm-2, and ~205.54 

Wm-2, ~195.6 Wm-2, ~222.11 Wm-2 respectively. It is clear that 

from (Figure 4) several days before the earthquake day, the 

highest numbers of anomalies in OLR as precursory signatures 

are observed.

 

 

Figure 3. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2022 vs. mean historical time series 

1985-2021 (red triangle) during the earthquake events that occurred in Papua, Indonesia (09.09.2022) having epicentre (2.24⁰ S, 138.19⁰ 

E). Blue coloured curve indicates 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 

 



Pooja Sharma et al.,  J. Ind. Geophys. Union, 29(2) (2025), 86-100  

91 

 

Figure 4. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2022 vs. mean historical time series 

1985-2021 (red triangle) during the earthquake events that occurred in Pariaman, Indonesia (13.03.2022) having epicentre (0.62⁰ S, 98.62⁰ 

E). Blue coloured curve indicates 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 

 

Figure 5. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2021 vs. mean historical time series 

1984-2020 (red triangle) during the earthquake events that occurred in Gorontalo, Indonesia (06.11.2021) having epicentre (0.04⁰ S, 124.28⁰ 

E). Blue coloured curve indicates 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 

 

5. Gorontalo (Indonesia) 

The next earthquake event occurred on Nov 6, 2021, with a 

magnitude of 6.0 (epicentre 0.04⁰ S, 124.28⁰ E) and a focal depth 

of 34.0 km in Gorontalo, Indonesia. (Figure 5) shows a 

comparison of the time series 2021 (earthquake year) with the 

historical time series 1984–2020 of OLR. (Figure 5 shows 

many instances in which the OLR exceeds the 2σ from the 

mean historical time series. From (Figure 5), one can observe 

many instances where the OLR is higher than the historical 

time series. There is an increase in the OLR on the 1st- 2nd, 4th, 

17th, 24th, 38th -39th, 45th, 52nd and 54th, days with values 

~186.93 Wm-2, ~195.02 Wm-2, ~208.26 Wm-2, ~174.87 Wm-2, 

~271.31 Wm-2 , ~205.81 Wm-2, ~197.75 Wm-2 and ~190.17 

Wm-2, respectively, of greater than 2σ from the mean historical 

time series.   It was found that the OLR values rise from the 9th 

to 11th days, and from the 13th to 15th days, with the average 

OLR values during the earthquake year and historical time 

series being ~175.74 Wm-2, ~194.16 Wm-2, and ~249.83 Wm-

2, ~250.80 Wm-2 respectively. It is clearly observed that the 

maximum number of anomalies in OLR as precursory 

signatures are present before the earthquake day. 

6. Dhekiajuli (Assam) 

The next earthquake considered was  Dhekiajuli, Assam 

(India), that occurred on April 28, 2021, with a magnitude of 

6.0 having epicentre: 26.78ο N, 92.45ο E and focal depth, 34.0 

km. (Figure 6) shows a comparison of the time series 2021 

(earthquake year) with the historical time series years 1984–

2020 of OLR. From this figure, one can observe many 
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instances where the OLR is higher than the historical time 

series. The variation in the OLR on 38th-39th,42nd, 44th, 46th, 

48th, and 52nd days with values ~259.95 Wm-2, ~250.22 Wm-2, 

~256.29 Wm-2, ~258.49 Wm-2, ~212.28 Wm-2, and ~260.25 

Wm-2, respectively, greater than 2σ from the mean historical 

time series. Again, it was found that the OLR values rise from 

the 1st to 4th, 10th to 14th, 16th to 19th, 23rd to 28th, 33rd to 35th, 

and 55th to 60th days, with the average OLR values during the 

earthquake year and historical time series being ~257.64 Wm-

2, ~254.84 Wm-2, ~262.72 Wm-2, ~261.35 Wm-2, ~254.71 Wm-

2, ~258.22 Wm-2 and ~237.09 Wm-2, ~230.11 Wm-2, ~240.92 

Wm-2, ~225.98 Wm-2, ~233.82 Wm-2, ~218.35 Wm-2, 

respectively. 

7. Port Blair (India) 

The earthquake occurred on July 17, 2020, having magnitude 

6.1, epicentre 11.84ο N, 94.93ο E and focal depth 10.0 km in 

Port Blair, India. (Figure 7) shows a comparison of the time 

series 2020 (earthquake year) with the historical time series 

years 1983–2019 of OLR. In Figure 7, the black curve with a 

cross and the red curve with a triangle denote the earthquake 

year and a historical time series of 37 years, respectively. 

Initially, OLR is greater than 2σ on the 24th, 37th, 55th-56th, and 

60th days with values ~215.03 Wm-2, ~242.89 Wm-2, ~145.09 

Wm-2, and ~222.04 Wm-2, respectively, from the mean 

historical time series. Several times during the two months 

preceding the earthquake, the OLR was greater than two 

standard deviations. However, the frequency of the 

aforementioned events is greatest on 14th-16th, and 28th to 30th 

day, with the average OLR values during the earthquake year 

and historical time series of ~220.86 Wm-2, ~166.89 Wm-2 and 

~191.83 Wm-2, ~203.63 Wm-2, respectively. It is clear to see 

that days from the earthquake day, the highest numbers of 

anomalies in OLR as observed precursory signatures

 

 

Figure 6. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2021 vs. mean historical time series 

1984-2020 (red triangle) during the earthquake events that occurred in Dhekiajuli, Assam, India (28.04.2021) having epicentre (26.78⁰ N, 

92.45⁰ E). Blue coloured curve indicates 2.0 (blue) standard deviation from the mean - historical time series. The purple line shows 

earthquake day. 

 

Figure 7. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2020 vs. mean historical time series 

1983-2019 (red triangle) during the earthquake events that occurred in Port Blair, India (17.07.2020), having epicentre 11.84⁰ N, 94.93⁰ E. 

Blue coloured curve indicates 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 
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Figure 8. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2019 vs. mean historical time series 

1982-2018 (red triangle) during the earthquake events that occurred in Ternate, Indonesia on 14.11.2019 having epicentre 1.53⁰ N, 126.41⁰ 

E. Blue coloured curve indicates 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 

8. Ternate (Indonesia) 

On November 14, 2019, a magnitude 6.0  (epicentre 1.53⁰ N, 

126.41⁰ E) earthquake occurred in Ternate, Indonesia, at a focal 

depth of 23 km. (Figure 8) shows the comparison between the 

time series 2019 (earthquake year) with the historical years 

1982-2018 time series. The black line with a cross and the red 

line with a triangle denote the earthquake year and a historical 

time series of 37 years, respectively. The figure shows that 

OLR is greater than 2σ on the 2nd to 4th, 7th to 11th, 17th to 24th, 

31st to 38th, and 60th day, with the average OLR values during 

the earthquake year and historical time series being ~256.87 

Wm-2, ~265.36 Wm-2, ~254.59 Wm-2, ~257.83 Wm-2, ~257.22 

Wm-2, and ~231.66 Wm-2, ~234.07 Wm-2, ~221.62 Wm-2, 

~223.25 Wm-2, ~223.94 Wm-2 respectively.  

9. Bengkulu (Indonesia) 

The earthquake that occurred on August 13, 2017, had a 

magnitude of 6.4 and a focal depth of 31.0 km (epicentre 3.76⁰ 

S and 101.62⁰ E) in Bengkulu, Indonesia. The variation in OLR 

has been analysed for the purpose of identifying precursory 

signatures during the earthquake event. (Figure 9) shows a 

comparison of the time series year 2017 (earthquake year) with 

the historical time series years 1980–2016 of OLR. From this 

figure, one can observe many instances where the OLR is 

higher than the historical time series. There is an increase in the 

OLR on the 4th, 9th to 10th, 12th to 13th, 15th and 23rd, days with 

values ~204.82 Wm-2, ~209.66 Wm-2, ~200.23 Wm-2, ~212.82 

Wm-2, and ~212.97 Wm-2, respectively, of greater than 2σ from 

the mean historical time series.  Again, it was found that the 

OLR values rise from the 28th to 31st days,  38th to 42nd days, 

and from the 48th to 50th days, with the average OLR values 

during the earthquake year and historical time series being 

~210.04 Wm-2, ~263.61 Wm-2, ~264.99       Wm-2, and ~243.68 

Wm-2, ~230.92 Wm-2, ~228.38 Wm-2, respectively. It is clearly 

observed that the maximum number of anomalies in OLR as 

precursory signatures are present before the earthquake day.   

10. Luwuk (Indonesia) 

The next earthquake event occurred on March 15, 2015, with a 

magnitude of 6.1 (epicentre 0.54⁰ S, 122.30⁰ E) and a focal depth 

of 31.0 km in Luwuk, Indonesia. (Figure 10) shows a 

comparison of the time series 2015 (earthquake year) with the 

historical time series 1978–2014 of OLR. (Figure 10) shows 

many instances in which the OLR exceeds the 2σ from the 

mean historical time series. From (Figure 10), one can observe 

many instances where the OLR is higher than the historical 

time series. There is an increase in the OLR on the 13th and 53rd, 

days with values ~232.46 Wm-2 and ~247.73 Wm-2, 

respectively, of greater than 2σ from the mean historical time 

series.  Again, it was found that the OLR values rise from the 

36th to 38th days, and from the 47th to 50th days, with the average 

OLR values during the earthquake year and historical time 

series being ~171.19 Wm-2, ~182.25 Wm-2 and ~217.10 Wm-2, 

~228.40 Wm-2 respectively. It is observed that the maximum 

number of anomalies in OLR as precursory signatures are 

present before the earthquake day.
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Figure 9. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2017 vs. mean historical time 

series 1980-2016 (red triangle) during the earthquake events that occurred in Bengkulu, Indonesia (13.08.2017) having epicentre 

3.76⁰ S, 101.62⁰ E. Coloured curve indicates 2.0 (blue) standard deviation from the mean - historical time series. The purple line 

shows earthquake day. 

 

Figure 10. Daily variation of outgoing longwave radiation during the earthquake year (black cross) - 2015 vs. mean historical time series 

1978-2014 (red triangle) during the earthquake events that occurred in Luwuk, Indonesia (15.03.2015) having epicentre 0.54⁰ S, 122.30⁰ E. 

Blue coloured curve indicates 2.0 standard deviation from the mean - historical time series. The purple line shows earthquake day. 

 

Maximum and minimum anomalies in OLR during the 

earthquake events 

One can see from the figures that the OLR exhibited anomalous 

behaviour during all  the  earthquake occurrences. The anomaly 

can be used to identify some of the major warning signs of 

upcoming earthquakes. Use of the OLR anomaly, will help us 

better comprehend various earthquake parameters. In the 

present investigation, we have additionally examined the 

maximum and minimum OLR anomalies experienced during 

each earthquake occurrences. 

(Table 2A) provides the details of the maximum anomaly in 

OLR during all the earthquake events.  Parameter D represents 

the day when the maximum anomaly in OLR during the EQ 

year was observed, compared to the historical time series. X 

and Y represent the magnitude values of OLR corresponding to 

that day (D) during the EQ year and historical time series 

respectively. X/Y gives the extent of maximum anomaly of 

OLR during EQ year compared to the historical time series 

corresponding to day D. 

The Earthquake that occurred on 10.09.2022 (Pariaman, 

Indonesia) experienced the highest anomaly on the 6th day 

before the earthquake day. The corresponding values of OLR 

during the earthquake year and historical time series were 

268.42 Wm-2 and 214.54 Wm-2 respectively. Thus, the 

magnitude of the anomaly was registered as 1.25 times greater 

than the historical series. On 10.09.2022 (Biak, Indonesia) an 

earthquake occurred with 6.2 magnitude. The highest anomaly 

was recorded on the 20th day with a magnitude value of       OLR 

261.17
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Table 2A. Details of the maximum observed anomaly in OLR during  the earthquake events 

Sr. 

No. 

Location Date and 

time(UTC) 

Epicentre 

(Lat., Long.) 

Maximum 

anomaly 

day (D) 

Value of OLR 

during 

earthquake 

Year (X) 

Value of OLR 

corresponding 

day of historical 

time series (Y) 

X/Y 

1 Pariaman, 

Indonesia 

10.09.2022 

(23:10:43) 

1.14⁰ S, 98.65⁰ E 55th  268.42 214.54 1.25 

2 Biak, Indonesia 10.09.2022 

(00:05:12) 

2.23⁰ S, 138.17⁰ E 41st  261.17 215.51 1.21 

3 Papua, 

Indonesia 

09.09.2022 

(23:31:47) 

2.24⁰ S, 138.19⁰ E 40th  261.17 215.51 1.21 

4 Pariaman, 

Indonesia 

13.03.2022 

(21:09:22) 

0.62⁰ S, 98.62⁰ E 58th  251.35 205.69 1.22 

5 Gorontalo, 

Indonesia 

06.11.2021 

(14:37:36) 

0.04⁰ S, 124.28⁰ E 23rd  271.97 234.35 1.16 

6 Dhekiajuli, 

Assam, India 

28.04.2021 

(02:21:26) 

26.78⁰ N, 92.45⁰ E 5th  274.16 220.95 1.24 

7 Port Blair, 

India 

17.07.2020 

(14:03:40) 

11.84⁰ N, 94.93⁰ E 24th  242.89 196.32 1.23 

8 Ternate, 

Indonesia 

14.11.2019 

(21:12:54) 

1.53⁰  N,126.41⁰ E 52nd  270.09 232.33 1.16 

9 Bengkulu, 

Indonesia 

13.08.2017 

(03:08:10) 

3.76⁰ S, 101.62⁰ E 12th  270.16 222.64 1.21 

10 Luwuk, 

Indonesia 

15.03.2015 

(23:17:16) 

0.54⁰ S, 122.30⁰ E 7th  247.73 212.75 1.16 

 

Table 2B. Details of minimum observed anomaly in OLR during the earthquake events 

Sr. 

No. 

Location Date and 

Time (UTC) 

Epicentre 

    (Lat., Long.) 

Minimum 

anomaly 

day (D′) 

Value of 

OLR during 

earthquake 

year  (X′) 

Value of OLR 

corresponding day 

of historical time 

series (Y′) 

X′/Y′ 

1 Pariaman, 

Indonesia 

10.09.2022 

(23:10:43) 

1.14⁰ S, 98.65⁰ E 49th  159.03 222.57 0.71 

2 Biak, 

Indonesia 

10.09.2022 

(00:05:12) 

2.23⁰ S, 138.17⁰ E 56th  176.40 219.63 0.80 

3 Papua, 

Indonesia 

09.09.2022 

(23:31:47) 

2.24⁰ S, 138.19⁰ E 55th  176.40 219.63 0.80 

4 Pariaman, 

Indonesia 

13.03.2022 

(21:09:22) 

0.62⁰ S, 98.62⁰ E 32nd  163.12 209.98 0.77 

5 Gorontalo, 

Indonesia 

06.11.2021 

(14:37:36) 

0.04⁰ S, 124.28⁰ E 52nd 168.01 253.91 0.66 

6 Dhekiajuli,As

sam, India 

28.04.2021 

(02:21:26) 

26.78⁰ N, 92.45⁰ E 13th   212.28 233.01 0.91 

7 Port Blair, 

India 

17.07.2020 

(14:03:40) 

11.84⁰ N, 94.93⁰ E 5th  144.72 189.30 0.76 

8 Ternate, 

Indonesia 

14.11.2019 

(21:12:54) 

1.53⁰  N,126.41⁰ E 37th  245.95 221.49 1.11 

9 Bengkulu, 

Indonesia 

13.08.2017 

(03:08:10) 

3.76⁰ S, 101.62⁰ E 49th  195.38 240.74 0.81 

10 Luwuk, 

Indonesia 

15.03.2015 

(23:17:16) 

0.54⁰ S, 122.30⁰ E 24th  155.13 215.43 0.72 

Wm-2 and 215.51 Wm-2 during the earthquake year and 

historical time series respectively. Thus, a 1.21 times increase 

in the anomaly was observed. Similarly, all the events in 

consideration experienced anomalies. The maximum anomaly 

in OLR was 1.21, 1.22, 1.16, 1.24, 1.23, 1.16, 1.21, 1.16 times 

greater during the earthquake year compared to the historical 

time series during 3rd, 4th, 5th, 6th, 7th, 8th, 9th and 10th 

earthquake events in consideration respectively. The highest 
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anomalies spanned from 1.16 to 1.25 times greater than the 

historical time series. The details of all the magnitude values of 

the highest anomaly OLR during EQ year and historical time 

series events have been summarised in Table 2A.  

Similarly, Table 2B provides the details of the minimum 

anomaly in OLR during all the earthquake events. Parameter 

D′ represents the day when the maximum anomaly in OLR 

during the earthquake year was observed compared to the 

historical time series. X′ and Y′ represent the magnitude values 

of OLR corresponding to that day (D′) during the earthquake  

year and historical time series respectively. X′/Y′ gives the 

extent of the minimum anomaly of OLR during earthquake 

year compared to the historical time series corresponding to 

day D′. 

The first earthquake event under consideration (10.09.2022; 

Pariaman, Indonesia) observed the minimum anomaly on the 

12th day before the EQ day. During this event, the minimum 

anomaly observed in OLR during the earthquake year and in 

the historical time series were 159.03     Wm-2 and 222.57 Wm-

2, respectively. Thus, resulting in anomalous increase of 0.71 

times greater than the historical series. Another earthquake that 

occurred on September 10, 2022, in Biak, Indonesia, 

experienced the minimum anomaly in OLR on the 5th day, with 

values of 176.40 Wm-2 during the earthquake year and 219.63 

Wm-2 in the historical time series respectively. Thus, 

experiencing an anomalous increase of 0.80 times, compared 

to historical data. Similar observations were recorded during all 

the other earthquake events. The minimum anomalous increase 

in OLR were 0.80, 0.77, 0.66, 0.91, 0.76, 1.11, and 0.81 times 

greater during the earthquake years, compared to the historical 

time series during 3rd, 4th, 5th, 6th, 7th, 8th, 9th, and 10th 

earthquake events in consideration respectively. The minimum 

anomalies ranged from 0.66 to 1.11 times greater than the 

values in the historical time series.  

(Table 2C and Figure 11) provide a comprehensive overview 

of the maximum and minimum anomalous increase of OLR 

during all the EQs. The observed maximum and minimum 

anomalous increase in OLR spanned from 1.16 to 1.25 and 0.66 

to 1.11 times greater during the earthquake years respectively, 

compared to historical time series during all the ten EQ events. 

(Table 1) lists the locations of all earthquake occurrences. All 

the earthquakes under consideration had distinctive origins; 

four of their epicentres were on land, while others were located 

close to or in the ocean. The OLR anomalies before 

earthquakes with a magnitude greater than 6.0 that occurred in 

India and the Indonesian regions have been examined. 

Outgoing longwave radiation (OLR) refers to infrared radiation 

continuously emitted from the Earth's surface and subsequently 

released into the atmosphere. This radiation is measured as the 

amount of energy emitted per unit area. Before the occurrence 

of recent highly destructive earthquakes, instances were noted 

where anomalous positive deviations above the 2σ level were 

observed two months prior to the earthquake events. For 

example, Japan (M 9.0, 2011) (Pulinets and Ouzounov, 2011), 

Sumatra (M 8.2, 2012) (Venkatanathan et al., 2013), and 

Pakistan (M 7.7, 2013) (Venkatanathan and Natyaganov, 2014) 

are the cases where  strange variation in OLR have been 

recorded before significant earthquakes. These anomalies 

appeared at different times and were probably influenced by 

unusual features of tectonic activity, such as earthquakes, and 

plate movements, which can significantly influence surface and 

atmospheric conditions, leading to variations and anomalies in 

outgoing longwave radiation.

 

Table 2C. Maximum/minimum anomaly in OLR during all the earthquake events 

Sr. 

No. 

Location Date and 

time(UTC) 

X/Y X′/Y′ 

1 Pariaman, Indonesia 10.09.2022 (23:10:43) 1.25 0.71 

2 Biak,  Indonesia 10.09.2022 (00:05:12) 1.21 0.80 

3 Papua, Indonesia 09.09.2022 (23:31:47) 1.21 0.80 

4 Pariaman, Indonesia 13.03.2022 (21:09:22) 1.22 0.77 

5 Gorontalo, Indonesia 06.11.2021 (14:37:36) 1.16 0.66 

6 Dhekiajuli,Assam,India 28.04.2021 (02:21:26) 1.24 1.11 

7 Port Blair, India 17.07.2020 (14:03:40) 1.23 0.76 

8 Ternate, Indonesia 14.11.2019 (21:12:54) 1.16 1.11 

9 Bengkulu, Indonesia 13.08.2017 (03:08:10) 1.21 0.81 

10 Luwuk, Indonesia 15.03.2015 (23:17:16) 1.16 0.72 
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Figure 11. Representation of maximum (black bars) and minimum (red bars) deviation in anomalies of OLR during all the ten earthquake 

events  

DISCUSSION 

In the present work, anomalous precursory behaviour of OLR 

was observed for all the earthquake events. However, they did 

have distinctive behavioural characteristics. This could be 

caused by variations in meteorological variables as well as 

changes in geographic regions. The locations of these ten 

earthquakes, their epicentres, proximity to the ocean and the 

robust interplay between land, ocean, and atmosphere, are 

likely to have a significant impact on the changes in OLR. 

All the earthquake events reveal multiple instances where the 

OLR exceeds the values of the historical time series. Notably, 

the trends across oceanic and coastal regions are similar. It is 

observed that the highest number of OLR anomalies, serving 

as potential precursory signatures, occur several days before 

the earthquake event. Specifically, a significant increase in 

OLR is evident between the 30th to 55th days before the all the 

considered earthquake events, except for Assam, which is a 

land-based region. The maximum OLR anomaly appears 

typically around two months before the earthquake, with the 

earliest anomaly detected as soon as the 5th day (as observed 

in Assam, India). In Assam, the corresponding OLR values 

during the earthquake year and the historical time series were 

274.16 W/m² and 220.95 W/m², respectively, indicating that 

the anomaly was 1.24 times higher than the historical average. 

Anomalous seismic activity was also observed in Assam for up 

to two months before the earthquake, likely attributed to the 

region's high earthquake susceptibility due to its tectonic 

setting.  

The present study's analysis of ten earthquakes over the 

Indonesian and Indian regions, with magnitudes exceeding 6.0, 

consistently demonstrated detectable OLR anomalies. These 

OLR anomalies are likely to be influenced by tectonic activity, 

plate movements, and related atmospheric and surface 

conditions that precede the earthquakes. The findings suggest 

that monitoring OLR variations may offer valuable insights 

into the development of seismic event and early warning 

particularly in the regions with oceanic influence.  

Prior to an earthquake, the epicentral region experienced an 

increase in infrared heat (IR), which contributed to severe land-

ocean atmospheric interactions and anomalous OLR (Sharma 

et al., 2024). It is considered that the stress buildup in the 

epicentral region days before the earthquake served a major 

role in the increase in infrared temperature immediately 

preceding the earthquake (Wu and Liu, 2009). Earthquakes can 

alter the local land surface and atmospheric conditions. For 

example, the sudden release of energy and the subsequent 

shifting of the Earth's crust can affect surface temperatures and 

atmospheric composition, potentially causing anomalies in the 

measured OLR (Mahmood et al., 2017). Large-scale seismic 

events can disrupt oceanic and atmospheric patterns. These 

disruptions can affect sea surface temperatures and 

atmospheric conditions, leading to anomalies in the OLR 

detected by satellites (Jiao et al., 2018). The movement of 

tectonic plates can influence geothermal activity, such as the 

formation of new geothermal vents. Increased geothermal 

activity can release additional heat into the atmosphere, 
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affecting local OLR measurements (Rawat et al. 2011). 

Earthquakes can inject large amounts of ash and gases, such as 

sulphur dioxide, into the atmosphere. These particles can 

spread across the globe, reflecting solar radiation and 

temporarily cooling the Earth's surface. This cooling effect can 

lead to anomalies in OLR, as the surface emits less infrared 

radiation due to the lower temperatures. Consequently, 

monitoring OLR anomalies can help in understanding and 

potentially predicting the impacts of large-scale seismic events 

(Xiong and Shen, 2017). Also, the build-up of stress in short 

focal depth earthquakes is reflected in changes in surface 

temperature, Surface Latent Heat Flux (SLHF), and Outgoing 

Longwave Radiation (OLR). As the stress at the fault interface 

increases, the rocks become compressed, resulting in a 

reduction in the number of voids within them. The rise and 

migration of hot radon gases from rock voids toward the Earth's 

surface , contributes to atmospheric warming (ZiQi et al., 

2002). Air ionization also induces thermal effects, such as 

changes in air humidity and temperature, characterized by an 

increase in air temperature and a reduction in relative humidity. 

The rise in surface temperature leads to intensified outgoing 

thermal radiation, which is particularly noticeable in epicentral 

regions and corresponds to OLR variations. Continued OLR 

analysis using various temporally aggregated data (e.g., 

monthly, daily, from different satellites, and during day/night 

cycles) holds promise for the early detection of anomalies 

related to major global earthquakes. However, many 

theoretical questions remain about the quantitative relationship 

between longwave radiation flux and seismo-tectonic stress. 

Despite these uncertainties, OLR could become a valuable 

parameter in precursor studies, with early anomalies potentially 

helping to characterize key earthquake parameters, such as 

location, timing, and magnitude (Pulinets et al., 2006). The 

appearance of OLR anomalies is influenced by various factors, 

including earthquake intensity and atmospheric conditions, but 

is generally correlated with the earthquake's magnitude. All of 

the occurrences under study have seen the OLR undergo large 

anomalous changes. Furthermore, anomalies were discovered 

around 59 days before the earthquake day (i.e. 60th day). 

Increased tectonic activity in earthquake-prone areas is 

responsible for these thermal anomalies. 

CONCLUSIONS 

In this study, we have examined the Outgoing Longwave 

Radiation (OLR) as a potential precursor to earthquakes, 

focusing on ten recent high-magnitude (M≥6.0) seismic events. 

Our findings lead to the following conclusions: 

(i) The OLR values exhibited a consistent anomalous 

increase during all ten earthquake events analysed in this 

study. 

(ii) In all the earthquake events under consideration, OLR 

values are found to consistently exhibit anomalous 

behaviour during the pre-earthquake period, with slight 

variations in their patterns.  

(iii) The maximum observed anomalous increase in OLR 

ranges from 1.16 to 1.25 times greater during earthquake 

years when compared to the historical time series across 

all ten earthquake events. 

(iv) The minimum observed anomalous increase in OLR 

ranges from 0.66 to 1.11 times greater during the 

earthquake years when compared to the historical time 

series across all ten earthquake events. 

(v) The fluctuations in both the maximum and minimum 

anomalies of OLR are most pronounced for earthquakes 

that occurred either directly over the ocean or in 

proximity to it. 

(vi)  The behavioural pattern of OLR over the land and 

ocean/near ocean earthquake events were different owing 

to diverse crustal properties and atmospheric/ 

meteorological conditions such as humidity, water  

vapour content etc. 

(vii) The accumulation of water vapour leads to the trapping 

of outgoing radiation, resulting in elevated temperatures 

over the EPZ. Consequently, the increase in OLR before 

all the major earthquake events. 
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