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Spatial  Distribution of OLR  
 
 
 
 
 

 
 

 
Attribution of OLR Variability to those 

of Component Parts 
Recent development of OLR and OLRclr anomalies over Pacific indicates that 
Eastern type El Niño is  approaching.  The correlation of these patterns between 
AIRS and CERES OLR is ~0.98, correlation between AIRS/CERES with MERRA 2 is 
0.82 and 0.81 respectively.   

AIRS and CERES OLR ARCs agree well both globally and on a 1°x1° spatial scale. The largest differences between AIRS and 
CERES OLR ARCs occur over Australia, where OLR ARCs are very sensitive to diurnal sampling differences. For AIRS, the 
larger the diurnal cycle, the more likely that sampling twice a day is inadequate.  The difference between AIRS/CERES and 
MERRA 2 is noticeable in cloudy regions. 

Spatially AIRS and CERES OLR ARCs are essentially identical to each other. Positive OLR ARCs (short term "trends") 
are shown in red and green, and negative OLR ARCs are shown in blue and orange.  Patterns of mid-latitude and 
equatorial OLR - ENSO index correlations are very similar to those of OLR ARCs (Susskind et al. [2012], JGR).  

 Tropical OLR anomalies primarily follow those of 500 mb specific humidity, Tskin 
and atmospheric temperature T(p). OLR decreases with increasing 500 mb specific 
humidity, especially for very moist cases, but decreases with fractional cloud cover. 
In tropics, atmospheric parameters are strongly correlated or anti-correlated with El 
Niño activity. Tropical anomalies of 500 mb temperature are highly positively 
correlated with the ENSO, but have horizontal large scale patterns. Tropical 500 
mb specific humidity over ocean tend to be in phase with those of surface skin 
temperature, Tskin and also with ENSO. 
Tropical anomalies of 500 mb humidity from  AIRS are highly correlated with those 
from MERRA 2 (r=0.95), but anomalies of cloud fraction from AIRS are not 
correlated with those from MERRA 2 (r=0.38). Lower values of OLR in MERRA2 in 
cloudy regions is at least in part of a result of higher amount of optically thin clouds 
in MERRA 2 compared to AIRS. 
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§ Hemispheric asymmetry is 
largest at polar region. 

§ NH Ts is warmer, especially 
in polar region. 

§ NH winter gets more solar 
radiation. 

§  SH is cloudier. 
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    ARCs (Average Rate of Change: September 2002 – December 2013) 
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Climatologies of AIRS and CERES OLR show that the global mean ~3.5 W/m2 bias is  essentially constant in space as 
well.  Climatologies of MERRA 2 capture similar patterns of climatology from AIRS and CERES, but their differences 
from observation are noticeable in mid- to high-cloud regions. Lower values of OLR in MERRA 2 is at least in part a 
result of lower amount of optically thin clouds in AIRS. 

AIRS global mean OLR values at 1:30 AM match those of CERES closely.  AIRS values at 
1:30 PM are higher than those at 1:30 AM by 7 W/m2. This confirms that time of day 
sampling is important with regard to global mean OLR values.  AIRS global mean OLR is 
3.5 W/m2 higher than CERES, nearly constant both in time and space. 

Abstract  
AIRS Version-6 OLR matches CERES EBAF-E2.8 OLR very closely on area mean 
time series and on a 1°x1° spatial scale, both with regard to absolute values, and 
also with regard to anomaly trends. The global mean ~3.5W/m2 bias between two 
OLRs is essentially constant in space and time. The global mean bias has at best 
only a very small annual cycle and it shows essentially no drift over the 12 years of 
the AIRS and CERES data sets we compared. The largest differences between 
AIRS and CERES OLR ARCs (Average Rate of Change) occur in land areas in 
which AIRS OLR ARCs differ considerably between 1:30 PM and 1:30 AM. The 
largest differences between MERRA 2 and AIRS/CERES ARCs occur in mid- to 
high-cloud regions. The AIRS tropical humidity anomaly at 500 mb matches with 
that from MERRA 2, but cloud fraction anomaly does not. This result implies that 
lower values of OLR in MERRA 2 in these regions is at least in part a result of 
higher amount of optically thin clouds in MERRA 2 compared to AIRS. 

Background Information 
AIRS Version-6, CERES Edition 2.8 EBAF, and MERRA 2 OLR climatologies are based on 
the average values of parameters for that month for 11 consecutive years, September 2002 
through August 2013.   The grid point anomaly for a month in a given year is the value of 
the product for that month minus its climatology. The Average Rate of Change (ARC) of a 
product is the slope of the linear least squares fit to the anomaly time series. 
Susskind, J., G. Molnar, L. Iredell, and N. G. Loeb (2012), Interannual variability of outgoing 
longwave radiation as observed by AIRS and CERES, J. Geophys. Res., 117, D23107, doi:
10.1029/2012JD017997.  
 

 
AIRS, CERES, MERRA 2 Area Mean OLR Time Series (W/m2) 
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                             Global Mean = -0.027 STD = 0.488                                                   Global Mean = -0.041 STD = 0.501                                                  Global Mean = -0.142 STD = 0.544  

                  Global Mean = 0.013 STD = 0.093  Corr=0.980                                Global Mean = 0.115 STD = 0.337 Corr=0.797                                   Global Mean = 0.101 STD = 0.334 Corr=0.805  

                        AIRS                                                        CERES                                                       MERRA 2                                                      

             AIRS minus CERES                                 AIRS minus MERRA 2     CERES minus MERRA 2                                     


