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1) A brief history of Earth Radiation Budget Observation & 
Future Prospects

2) ERB Science Focus Areas: Selected Highlights

3) Recent Changes in TOA ERB
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Pre-Satellite Years: First Earth Radiation Budget Diagram (1908)
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• October 1957: Soviet Union 
launched the world’s first 
artificial satellite: Sputnik 1.

• NASA Explorer 6 launches 
on February 17, 1959.

• NASA Explorer 7 satellite 
was launched in 1959 with a 
set of detectors for 
measuring radiation from 
Earth. 

• This experiment by Vern 
Suomi was the first 
instrument to study weather 
and climate from space.

Early Satellite Years

Front Page of NY Times, Feb 18, 1959



Early Satellite Years

Explorer 7 Satellite With Hemispherical Radiometers



ERB Science Addressed by ERB Observations 

 ERB observations provide critical data for:

1) Quantifying how the heat uptake of the planet changes 
on timescales ranging from monthly to decadal. 

2) Constraining climate model projections of future 
warming by narrowing uncertainty in cloud feedback. 

3) Quantifying Aerosol Radiative Forcing.
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• During the CERES period, the team has processed data from:
- 7 CERES instruments
- 1 VIRS imager (TRMM)
- 2 MODIS imagers (Terra, Aqua)
- 2 VIIRS imagers (S-NPP, NOAA-20)
- 18 geostationary imagers
- Solar irradiance measurements
- Meteorological, ozone and aerosol assimilation data
- Snow/ice maps

 All are integrated to obtain climate accuracy in radiative fluxes from the top to the bottom 
of the atmosphere.

CERES Data Fusion
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Changes in Earth’s Radiation Budget, Clouds & 
Aerosols, 



Global and Annual Multi-Model Mean TOA Radiation for CMIP5 RCP Scenarios 

(AR5, 2013)

LW TOA SW TOANet TOA

- TOA net radiative flux can either increase or decrease with surface temperature, 
depending upon the RCP scenario.

- For RCP8.5, the large increase in TOA absorbed SW radiation is due to cloud 
changes and changes in the cryosphere.



- Control run data from multi-century Met Office Hadley Centre climate model runs
- Approximately 30% of decades show a trend in net TOA radiation and SST that are 

of opposite sign.
- Ocean re-distribution of heat is the primary reason for the larger scatter seen 

between SST and total energy.

SST Trend (K decade-1) Ocean Heating Rate (Wm-2)
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Palmer et al., GRL 2011 

Decadal Variations in Net TOA Radiation, SST Trend and Ocean Heating Rate
From Coupled Climate Model Simulations



Earth’s Heat Budget

- Only 1% of the energy is used to change global mean surface temperature.

- Most of the excess heat in the climate system ends being stored in the ocean.





- An El Niño at zero lag is typically preceded by 
heat uptake into the system and followed by 
release of heat out of the system. 

- This pattern is mainly driven by OLR. 

- Unprecedented negative SW anomalies 
following the 2015-2016 El Niño significantly 
alter the TOA net radiation response to ENSO 
(red line). 

Less heat release out of the system following 
El Niño.

Lagged Regressions in TOA Radiation Anomalies Against Nino3.4 Anomalies
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Zonal Mean Differences in TOA  Radiation 
(07/2014-06/2017) minus (07/2000-06/2014)  



-TOA flux difference pattern in 
the tropics is dominated by 
ENSO. 

-Substantial decrease in SW TOA 
flux over eastern and northern 
Pacific Ocean. 

Regional Mean Differences in TOA  Radiation 
(07/2014-06/2017) minus (07/2000-06/2014)  



CERES-PRP (Partial Radiative Perturbation) Methodology 
- Goal is to decompose the total radiative flux anomalies into the 

contributions from individual variables (e.g., cloud, surface, aerosol, etc., 
parameters).



PRP SW TOA Flux & SST Difference (07/2014-06/2017) minus (07/2000-06/2014)  

-Significant reduction in SW TOA 
flux due to reduction in low cloud 
along Eastern Pacific Ocean.

-Low cloud reduction occurs in 
regions of significant SST 
warming. 

PRP SW Flux Diff (Low cld frac contrib) PRP SW Flux Diff (Mid+High cld frac contrib)

SST Difference
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TOA SW & LW Comparisons Between CERES and GEOS-5 AMIP Simulations
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• Low cloud fraction in GEOS-5 AGCM is defined as cloud fraction from surface to 700hPa
• Reference of the GEOS-5 AMIP simulations: 

• Collow et al (2017), a GMAO technical report 
(https://gmao.gsfc.nasa.gov/pubs/docs/Collow963.pdf)



Clear-Sky SW TOA Flux & AOD Diffs: (07/2014-06/2017) minus (07/2000-06/2014)

Clear-Sky SW TOA Flux Difference 
(W

m
-2)



Conclusions

• Latter part of CERES record characterized by significant 
decrease in SW TOA flux due to a decrease in low cloud 
fraction over the Eastern Pacific.

• These changes coincide with shift in sign of PDO to positive, 
and anomalous SST pattern over E. Pacific. 

• Largest uncertainty in projecting climate response to doubling 
CO2 is associated with low cloud feedback. 

• Observed low cloud fraction changes provide an 
unprecedented opportunity for testing climate models (e.g., 
AMIP simulations vs observations).



Thank You!

NPP Launch Arc, Oct. 28, 2011


