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Abstract 
Immediately after the March 11, 2011 earthquake and tsunami in Japan we started to 
continuously survey the Outgoing Long-wavelength Radiation (OLR, 10-13 microns) 
from NOAA/AVHRR. Our preliminary results show the presence of hot spots on the top 
of the atmosphere over the Fukushima Daiichi Nuclear Power Plant (FDNPP) and due to 
their persistence over the same region they are most likely not of meteorological origin.  
On March 14 and 21 we detected a significant increase in radiation (14 W/m2) at the top 
of the atmosphere which also coincides with a reported radioactivity gas leaks from the 
FDNPP. After March 21 the intensity of OLR started to decline, which has been 
confirmed by ground radiometer network. We hypothesize that this increase in OLR was 
a result of the radioactive leaks released in atmosphere from the FDNPP.  This energy 
triggers ionization of the air near the ground and lead to release of latent heat energy due 
to change of air humidity and temperature. Our early results demonstrate the potential of 
the latest development in atmospheric sciences and space-borne observations for 
monitoring nuclear accidents. 
 
 
Introduction 
The March 11th earthquake in Japan triggered extremely destructive tsunami waves of up 
to 38.9 meters that struck Japan, making it the most expensive natural disaster on record.  
In response to the disaster Japan Nuclear Energy authorities have announced they turned 
off 11 nuclear units without causing any damage. However, the tsunami disaster of 
March 11, 2011 produced significant damage to the Fukushima-Daichi Nuclear Power 
reactor resulted from a failure of the cooling system. Record show that in  
in July 2007, there had been an another incident at the largest nuclear power plant in the 
world, the Kashiwazaki-Karim this occurred after a strong earthquake near Niigata City. 
With destruction similar to the Fukushima nuclear power plant, that is a leak of 
contaminated water and release of radioactive gas into the atmosphere.  This single 
incident of radiation release was known only to a few specialists (Cyranoski, 2007). The 
tsunami disaster of March 11, 2011 produced significant damage to the FDPP reactors, in 
particular, the formation of cracks in the reactor containment units 1 and 2 this resulted 
from a failure of the cooling system. As a result, there have been several explosions of 
hydrogen, which led to the release into the atmosphere of decay products, such as 
radioactive cesium and iodine . Given that the adverse consequences of the accident 



2 
 

scenario could be global in nature, it was very important that an independent source of 
information was available to evaluate the level of radioactive contamination. Information 
about the thermal radiation activities over the FDNPP, could be obtained by using a 
modification of the technique of registration emitted infrared longwave radiation (OLR), 
as described in (Ouzounov et al, 2007). The study of ionization of the surface air radon in 
preparation for the earthquake revealed that the most likely cause for the observed 
transient thermal radiation anomalies observed before earthquakes are the result of 
release of latent heat of evaporation of hydration of ions formed by ionization of 
atmospheric gases radon (Pulinets and Ouzounov, 2011) 
 
 Data Observation and Analysis 
During March 2011 the NOAA/AVHRR (Advanced Very High Resolution Radiometer) 
satellite recorded OLR radiation over Japan. We noted an anomalous OLR hot spot over 
the Fukushima Daiichi Nuclear Power Plant (FDNPP) from NOAA/AVHRR satellite 
data. On March 14 shortly after the March 11 tsunami we detected a strong increase in 
emitted radiation at the top of the atmosphere (Ouzounov et al., 2011b). We interpreted 
this as an increase in OLR due to radioactive gas released in the atmosphere from the 
FDNPP. Similar studies of the physical link between the atmospheric and ionospheric 
have been previously examined for the historical nuclear accidents at Chernobyl (USSR, 
1977) and Three Mile Island (USA, 1979) by Pulinets and Boyarchuk (2004) and 
Laverov et al. (2011).  
OLR is one of the main parameters characterizing the earth’s radiation environment.  
They formed at the top of the atmosphere from an integration of the emissions from the 
ground, lower atmosphere and clouds (Ohring, G. and Gruber, 1982). OLR are primarily 
used to study the Earths radiative budget and climate (Gruber, A. and Krueger, 1984; 
Mehta, A., and J. Susskind, 1999).  In this study we analyzed NOAA/AVHRR OLR data 
during March 2011 over FDNPP. The National Oceanic and Atmospheric Administration 
(NOAA) Climate Prediction Center (http://www.cdc.noaa.gov/) provide daily and 
monthly OLR data. However OLR is not directly measured, but is calculated by 
integrating measurements between 10 and 13 µm using an algorithm (Gruber and 
Krueger, 1984). These data are mainly sensitive to near surface and cloud temperatures.  
A daily mean value covering a significant area of the Earth (90o N- 90o S, 0o E to 357.5o 
E) with a spatial resolution of 2.5 o x2.5 o was used to study the OLR variability in the 
zone of earthquake activity (Liu, 2000; Ouzounov et al., 2007, Xiong at al, 2010). An 
increase in radiation and a transient change in OLR were proposed to be related to 
thermodynamic processes in the atmosphere over seismically active regions (Ouzounov 
et al, 2007, Pulinets and Ouzounov, 2011).  
We started continuously to survey OLR from the NOAA/AVHRR satellite over Japan 
immediately after the March 11 earthquake and tsunami.  Our preliminary results from 
analysis of several atmospheric parameters over Sendai region show evidence for an 
existence of pre earthquake signals associated with the March 11th M9.0 Great Tohoku 
earthquake (Ouzounov et al, 2011, a, b and c). To improve the OLR detection capabilities 
over the region of FDNPP we constructed a new change detection ration known as the 
temporal coherency (TC_index) in the same manner as that defined for an anomalous 
thermal field by Tramutoli et al. (1999) and Ouzounov et al. (2007). The TC_index 
represents the maximum change in the rate of OLR for a specific location over a pre-
defined time period. The OLR reference field was computed as the average daily mean 
from all data for 2011.  On March 12, the first transient OLR anomalous field was 
observed near the FDNPP (Figs 2 and 3). The first strong indication of the formation of a 
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transient OLR anomaly was detected on March 14 (Fig 2) three days after the tsunami 
damaged the FDNPP and radioactive leaks had been reported March 3-15 (Fig.3).  A 
cumulative graph showing the variation in the OLR TC index is given in Fig. 3.  On 
March 21 OLR reached a maximum value of 14W/m^2 which is 7 times bigger then the 
normal level of 2 W/m^2 for the same period of 2010. (Fig.3 dash red line). The presence 
of abnormal OLR in atmosphere coincides by time and space with the ground 
radioactivity measurements from Stations #31 (Futaba County Namie town Tsushima 
Nakioki) at 30Km NW from FDNPP (see Fig.1) (MEXT, Reference 2). With values of 
110MSv/h at 10.00 LT this maximum also coincides with the air temperature maximum 
of 8Co measured near Fukushima city at 07.30LT (Fig.3 blue curve). The Temperature 
differences between year 2011 and 2010 reviled an temperature anomaly of +6 Co on 
March 15th which coincides with the reports of March 13-15 radioactive gas releases 
reported by TEPCO. On Fig.3 with purple color is marked the time the FDNPP 
explosions and gas releases in atmosphere reported by TEPCO (Reference 16). 
The abnormal air temperature increases in atmosphere matching precisely the time of 
satellite anomalies and reported almost 50 km NW from FDNPP are ruling out the 
possibility for alterative explanation of OLR change on the top of the atmosphere as a 
direct heating processes from the damaged reactor units. Rapid ionization processes could 
explain the transient increase in the air temperature, triggered by radioactive leaks, which 
lead to anomalous increase flux of the latent heat over the area of radioactive release into 
the atmosphere.  
This paper demonstrated the possibility of independent survey of radioactive pollution of 
the environment through the monitoring, at satellite altitude, of thermal anomalies.  
Despite the low resolution of the AVHRR (2.5 degrees), this methodology allowed 
reliable registration of thermal anomalies from a relatively small area.  This also suggests   
that using radiometers with a higher resolution would increase the monitoring ability of 
our method. 
 
 
Conclusions 

Our preliminary results show an unusual presence of hot spots on the top of the 
atmosphere over the radioactive leaks at FDNPP which also been conformed with 
abnormal change of in situ observation of radiation and atmospheric temperature near 
FDNPP. We interpreted this abnormal increase in OLR due to radioactive gas being 
released in atmosphere from the FDNPP. A physical mechanism for generating such 
anomalies could be the ionization of the atmospheric boundary layer similar to the case of 
thermal anomalies detected before strong earthquakes (Pulinets and Ouzounov, 2011).  
The rate of OLR increase over the FDNPP, according to satellite NOAA/AVHRR, 
reached 14 W/m2, which is comparable with the values recorded before some strong 
earthquakes (Ouzounov et al, 2007). These findings demonstrate the potential for space-
borne observations in monitoring major environmental disasters. 
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Fig.1 Google Navigation map for Southern Honshu and Fukushima-Daichi NPP (yellow 
house). 30km and 50km radius form FDNPP are shown with read and orange circles. 
M9.0 epicenter of March 11 2011 earthquake is shown with Red circles. With small red 
circle are shown the location of the satellite gridded points from NOAA AVHRR closes 
to FDNPP. With white triangle is location of the Weather stations near Fukushima city. 
With blue flag is the location of site#31 of ground radiometer network outside of the 30 
km area.  
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Fig.2 Time series of daytime anomalous OLR observed from NOAA/AVHRR (07.30 LT) 
time of the equatorial crossing) March 14-March 31, 2011 over Honshu, Japan. Tectonic 
plate boundaries are indicated with red lines) and major faults by brown. The location of 
FDNPP is indicated by a black star.The maximum rate of change for OLR been seen over 
FDNPP. 
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Fig.3 Satellite and ground observation during March 2011 near FDNPP: A. Accumulative 
graph of daily mean (07.30LT) change in OLR from NOAA/AVHRR March 11-31, 2011 
(solid red).  B. Accumulative graph of daily mean (07.30LT) change in OLR from 
NOAA/AVHRR March 11-31, 2010 (dash red); C. March 11-30 2011 Daily Air 
temperature variations at 07.30LT from Fukishima weather station (solid black); D. Delta 
T (2011-2010) daily Air temperature variations at 07.30LT from Fukishima weather 
station (dash black); E. In situ radiation intensity recorded on the ground in 30km NW 
from FDNPP  (pink); F. NPS explosions and gas releases in atmosphere reported by 
TEPCO (purple bars). 
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