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Outgoing longwave radiation (OLR) measurement, a 
satellite-based measurement can be used as a tool to 
identify the earthquake preparation process. OLR 
anomaly normally appears 1 to 30 days before the  
occurrence of earthquakes as revealed by analysis of 
previous earthquakes like the 2010 Haiti and 2011 
Tohoku earthquakes. This communication presents 
the preliminary analysis of OLR anomaly prior to the 
recent 24 September 2013 (M 7.7) earthquake which 
occurred 63 km NNE of Awaran, Pakistan. The results 
show encouraging signs and forecasting of earth-
quakes is likely to be no longer ‘elusive’. 
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DUE to the devastating nature of earthquakes, earthquake 
prediction and forecasting is a challenging area of re-
search and throughout the world several groups are work-
ing in this field. During the past several decades, there 
have been several attempts at earthquake prediction from 
different perspectives. In this communication we discuss 
some of ground-based, space-bound and also interdisci-
plinary methodologies used by scientists to decode earth-
quake preparation process. 
 The oldest precursor identified before the occurrence 
of devastating earthquakes is the appearance anomalous 
electric signals. The first paper on electric signals was 
published by Milne1 in 1890. In 1976, ‘streaming electro 
kinetic model’ was proposed by Mizutani et al.2, and it 
was later followed by several scientists3–5. Honkura6 pro-
posed ‘perturbation of the electric current by a resistivity 
anomaly’ to explain the generation of electric signals be-
fore the impending earthquakes. Later in 1985, ‘single 
rock fracturing model’ was proposed by Ogawa et al.7, 
and the heavily debated method, ‘piezo-stimulated 
model’ was developed by Varotsos, Alexopoulos, and 
Nagao, famously called the VAN method. This method is 
based on observed empirical relationships between the 
occurrence and magnitude (V) of a Seismo Electric Sig-
nal (SES) and the corresponding seismic activity8,9. An-
other model, called ionospheric induction model, explains 

that steady and oscillating ionosphere induces oscillating 
current; during onset process of strong earthquakes,  
amplitude of the oscillation increases10. Very low fre-
quency (VLF) electric field perturbations could be detec-
ted during Chamoli earthquake in 1999, in the form of 
noise bursts 16 days prior to the occurrence of the main 
shock11. In 2002, Friedemann12 proposed ‘positive hole-
pairs’ model. Minerals get crystallized due to the pres-
ence of water, which introduces positive hole-pairs (PHP) 
in the crystal lattice. Due to micro-fracturing in the crys-
tal lattice, PHP gains mobility and forms rapidly moving 
charge clouds, which is the reason for the generation of 
electric signals12. 
 A strange ionospheric phenomenon was first reported 
prior to the 1964 Alaska earthquake13. Irregularities in 
electron concentration spread for few hundreds of kilo-
metres above the earthquake preparation region, probably 
due to penetration of vertical ground electrical fields into 
the ionosphere14. Total electron content (TEC) has to be 
measured to study these irregularities; this can be meas-
ured using GPS observations. Detecting the location of 
impending earthquakes is possible in future, as GPS sta-
tion can aid us to develop 3D ionospheric structures15. 
Using satellite image processing it is possible to detect 
certain earthquake-related precursors like surface defor-
mation, ground tilting, change in surface temperature and 
humidity, atmospheric temperature and humidity, gas and 
aerosol content16. Co-seismic and post-seismic deforma-
tions were observed for the 1995 Neftegorsk earthquake, 
Russia17; the 2001 Bhuj earthquake, India18; the 2003 
Bam earthquake, Iran19 and the 2004 great Sumatra 
earthquake, Indonesia20. Appearances of short-lived ther-
mal anomalies can be linked with the impending strong 
earthquakes21–23. 
 Before the occurrence of devastating earthquakes, in-
crease in stress along the fault segment changes the rock 
property and such changes generating different precur-
sory signals encourage the scientists to adopt interdisci-
plinary studies. Van Genderen24 used various precursory 
studies like rate of seismic energy accumulation, infra-
sonic wave, geoelectric, crustal stress, animal behaviour, 
magnetic storm, tide generating force resonance and sat-
ellite thermal data. He proposed to divide the globe into 
29 zones; an early warning system has been set up to pre-
dict specific regions with probability of >6 magnitude 
earthquake occurring there within 30 days. Using a set of 
parameters like outgoing longwave radiation (OLR), 
GPS/TEC, lower Earth orbit ionospheric tomography and 
foF2 layer, scientists have done retrospective analysis of 
the 2011 Japan earthquake. This study shows that there 
are temporal and spatial variations observed several days 
before the earthquake25. 
 Appearances of thermal anomalies before the impend-
ing earthquakes are observed not only at the ground sur-
face, but they are also measured above the cloud level. 
OLRs are energy radiations departing from the Earth as 
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infrared radiation at low energy to space. The OLR can 
be measured above the cloud level (16–17 km above sea 
level). Normally increase in radon gas emission is obser-
ved near the vicinity of the epicentre of an earthquake 
due to the abnormal increase in tectonic activity of a par-
ticular region, which in turn triggers the ionization of air 
near the ground and latent heat exchange due to varia-
tions in the humidity of air26,27. This phenomenon might 
be the probable reason for the appearence thermal anoma-
lies before the impending earthquakes. In recent years, 
several studies based on the appearence of significant 
transient thermal anomalies before devastating earth-
quakes were reported28–34. For example, from the analysis 
of OLR for the 2004 Sumatra earthquake, it was found 
that OLR anomaly of >80 W/m2 appeared five days  
before the occurrence of the event35. Prior to the most  
recent major earthquakes like Sichuan, China (M 7.9, 
2008), L’Aquila, Italy (M 6.3, 2009), Samoa (M 7, 2009), 
Haiti (M 7.0, 2010), Chile (M 8.8, 2010) and Japan 
(M 9.0, 2011), transient OLR anomalies did appear36,37. 
National Oceanic and Atmospheric Administration 
(NOAA) satellites 15, 16 and 17 are measuring at the top 
of the atmosphere and data can be downloaded from the 
NOAA website (http://www.cdc.noaa.gov). In this com-
munication, we have discussed the preliminary analysis 
of the NOAA satellite data to explore the connection be-
tween the atmospheric activities and the 24 September 
2013 earthquake of magnitude 7.7 which occurred 63 km 
NNE of Awaran, Pakistan. 
 The OLR measurement is the combination of radiations 
from ground, lower atmosphere and clouds38. Using sepa-
rate algorithm, OLR is calculated from the basic data, 
which is at 8–12 m (ref. 39). Both the data and algo-
rithm for examining the advanced very high resolution 
radiometer (AVHRR) is provided by the National Oce-
anic and Atmospheric Administration Climate Prediction 
Center (http://www.cdc.noaa.gov). The rapid develop-
ment of radiation could be described as the anomalous 
flux of the latent heat over the area most probably due to 
increased tectonic activity. The appearance of anomalous 
radiation for short duration can be related to tectonic 
stress and thermodynamic processes in the atmosphere. 
The spatial and temporal variations in OLR flux can be 
reliably detected for the earthquakes of magnitude above 
5.0, due to the critical energy flux needed for litho-
spheric–atmospheric–ionospheric coupling (LAIC). 
 An anomalous OLR flux can be defined as the change 
in energy index (dE_index), which signifies the statically 
defined maximum change in the rate of OLR for a given 
location and time-specific spatial locations and pre-
defined times40: 
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For this study, NOAA/AVHRR OLR daily data between 
2006 and 2012 were used as a base field OLR and the 
OLR data was computed prior to the occurrence of 24 
September 2013 earthquake. Change in energy index is 
calculated by finding the difference between daily current 
field OLR and daily base field OLR. If the value is more 
than ‘+2 sigma’ confidence level of the base field OLR, 
then the corresponding change in energy index is consid-
ered as anomalous. The appearance of the short-lived 
OLR anomaly is observed before the occurrence of the 
above-mentioned Pakistan earthquake. The occurrence of 
an OLR anomaly can generally be linked to the magni-
tude of the earthquake. It varies from a few days to one 
month prior to the occurrence of the earthquake. The 
timeline of the appearance of these short-lived anomalies 
varies for each earthquake, may be due to the different 
nature of the tectonic settings of these places. 
 Short-lived anomalies appeared thrice before the occur-
rence of the earthquake on 24 September 2013. Before 
the first anomaly appeared on 8 September 2013, the 
OLR value was on the negative side at the epicentre, 
which was recorded by the NOAA satellite during its 
‘night’ pass (Figure 1 a). The first anomaly was observed 
on 9 September 2013 with current field OLR value which 
was four times more than the daily base field OLR and it 
was recorded by NOAA satellite during its ‘day’ pass 
(Figure 1 b). The anomaly was short-lived and the current 
field OLR value was back to normal level on the  
same day (9 September 2013), which was recorded by 
NOAA satellite during ‘night’ pass on 9 September 2013 
(Figure 1 c). 
 After the disappearance of OLR anomaly on 9 Septem-
ber  2013, till 14 September 2013 satellite ‘night’ pass, 
abnormality was not recorded (Figure 2 a). The anomaly 
appeared on 15 September 2013 at two locations and it 
was recorded during satellite ‘day’ pass (Figure 2 b). At 
one location (25N, 67.5E), current field OLR value was 
four times more than the base field OLR value. Another 
anomaly was concentrated at the location (25N, 62.5E) 
with current field OLR value three times more than the 
base field OLR value. Like earlier, this time also the OLR 
anomaly disappeared immediately, which can be inferred 
from the satellite data recorded during the 19 September 
2013 ‘night’ pass (Figure 2 c). 
 After the disappearance of the second anomaly in the 
nearby region, it was a null period in terms of OLR flux 
till 23 September 2013, when the satellite recorded nor-
mal current field OLR value during its ‘day pass’ (Figure 
3 a). Finally, before the earthquake occurrence on 24 Sep-
tember 2013, for the third time, the anomaly appeared on 
23 September 2013. This time also the current field OLR 
value was four times more than the base field OLR value 
at the nearby location (27.5N, 62.5E), observed by satel-
lite ‘night’ pass (Figure 3 b). The anomaly did not dis-
appear fully, but it was less intense and also the location 
of the anomaly got shifted (30N, 62.5E) from the epicentre 
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Figure 1. a, Outgoing long wave radiation (OLR) picture showing no anomalous radiation in circled region recorded by NOAA satellite during 
‘night’ pass on 8 September 2013. b, OLR anomaly in the region (25N, 62.5E) close to the epicentral region (26.971N, 65.520E) marked with red 
coloured concentric circle as recorded by NOAA satellite during ‘day’ pass on 9 September 2013. c, The anomaly that appeared on 9 September 
2013 was a transient one and no anomaly was recorded during NOAA satellite ‘night’ pass on the same day. 
 

 
(Figure 3 c). However, it completely disappeared after the 
occurrence of the earthquake on 24 September 2013, 
16:29 (local time), as was recorded during satellite 
‘night’ pass (Figure 3 d). 

 One of the plausible explanations for the appearance of 
short-lived anomaly before the devastating earthquake is 
the LAIC mechanism proposed by Pulinets and 
Boyarchuk41. The triggering process may be due to the 
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Figure 2. a, OLR picture of 14 September 2013 showing no anomalous radiation recorded by NOAA satellite during its ‘night’ pass. b, On 15 
September 2013, OLR anomaly appeared near the epicentral region (25N, 62.5E) and was recorded by NOAA satellite during ‘day’ pass. c, The 
anomaly was a transient one and no anomaly was recorded on 15 September 2013 during the satellite ‘night’ pass. 
 
 
release of gases like radon from the lithosphere at the  
region of faulting42–44. This in turn increases the air ioni-
zation, leads to changes in the conductivity of air and a 
latent heat release due to condensation of ionized air45–48. 
The anomalous radiation lasts only for transient period 
since the energy flux is dynamic in the atmosphere, as 
proposed in the LAIC model and also appearance of 

anomaly may not be due to any other atmospheric phe-
nomena, since we have compared OLR value of the year 
2013 with those of previous seven years, in order to 
eliminate other atmospheric factors and seasonal varia-
tions. It can be inferred from our analysis that the anom-
aly appeared near the epicentre for a short duration during 
9, 15, 23 and 24 September 2013 and it completely 
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Figure 3. a, OLR picture of 23 September 2013 showing no anomalous radiation recorded by NOAA satellite during ‘day’ pass. b, On 23 Sep-
tember 2013, OLR anomaly appeared in the nearby region (25N, 62.5E) and extended close to the epicentre (26.971N, 65.520E) marked in red-
coloured concentric circle, as recorded by NOAA satellite during ‘night’ pass. c, OLR picture for 24 September 2013 showing less intense OLR 
anomaly which got shifted away from the epicentre (26.971N, 65.520E). d, OLR picture showing disappearance of anomaly immediately after the 
earthquake on 24 September 2013, 16:27 (local time) with magnitude 7.7 at Awaran, Pakistan (26.971N, 65.520E), as recorded by satellite during 
‘night’ pass on the same day. 
 
 
disappeared near the epicentral region after the occur-
rence of the earthquake on 24 September 2013. Our 
analysis of data from the NOAA satellites, shows that the 
OLR anomaly can be used as a reliable pre-earthquake 

signal. The anomalous appearance of OLRs and intensity 
of anomaly can give us a clue about the occurrence of 
impending devastating earthquakes with location, magni-
tude and time-frame of few weeks or few days. Even 
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though important parameters required for earthquake 
forecasting (i.e.) location, magnitude and time can be 
identified on short-term basis, depth of the earthquake 
cannot be found. In order to increase the accuracy of 
earthquake forecasting, the authors advocate for interdisci-
plinary studies. For example, anomalous, low-frequency 
acoustic gravity waves are observed before the impending 
earthquakes. The source of these waves can be located by 
beam-forming method49 and the depth can be found from 
the amplitude of the low-frequency acoustic gravity 
waves50. It is possible to raise the earthquake prediction 
to greater level of accuracy, if we use multi-parameter 
and interdisciplinary precursory techniques which can be 
achieved by well-coordinated global networking with the 
help of satellite technology. Then forecasting earthquakes 
will no longer be considered as ‘vague’. 
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Impact of assimilation of  
Megha-Tropiques ROSA radio  
occultation refractivity by observing  
system simulation experiment 
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Numerical weather prediction models are assimilating 
more Global Positioning System Radio Occultation 
(GPSRO) observations into their operational model in 
recent times as a result of significant positive impact 
with use of GPSRO data in assimilation system. The 
Megha-Tropiques satellite mission is aimed to provide 
large number of observations over the tropical region 
and carries payload ROSA for providing GPSRO  
observations. At present, the quality of processed 
GPSRO retrievals from Megha-Tropiques ROSA is 
not satisfactory. In order to assess the impact of  
assimilation of good-quality ROSA observations, an 
observing system simulation system experiment 
(OSSE) was conducted using NCMRWF T574 model. 
The experiment was conducted for a period of 15 days 
during September 2012 and refractivity operator was 
used for assimilation. Results show significant  
improvement in forecast skill for forecasts beyond 
72 h with OSSE data. 
 
Keywords: Assimilation system, forecast skill, numeri-
cal models, weather prediction. 
 
MEGHA-TROPIQUES is an Indo-French joint satellite mis-
sion for studying the water cycle and energy exchanges in 
the tropics. It is orbiting the Earth at low orbit (~800 km) 
and low inclination (20) to provide higher satellite 
repetivity at lower latitudes. It carries four payloads – 
SAPHIR, SCRAB, Radio Occultation Sounding of Atmo-
sphere (ROSA) and MADRAS, and can measure rainfall, 
water vapour and radiation. Many interactions among  
radiation, water vapour, clouds, precipitation and atmos-
pheric motion determine the life cycle of convective 
cloud systems, and the occurrence of extreme events like 
tropical cyclones, monsoons, flood and droughts. Due to 
dynamic nature of the above parameters, the frequency of 
observation from low-orbiting Sun-synchronous orbits is 
inadequate. Only geo-stationary satellites allow continu-
ous monitoring of the tropics, but their visible–IR sensors 
give limited information on the cloud surface properties 
or horizontal distribution of water vapour. Low-orbiting 
satellites with low inclinations can provide more observa-
tions at lower latitudes. An inclination at 20 provides six 
observations of each point on the Inter-Tropical Conver-
gence Zone (ITCZ). The most energetic tropical systems, 


