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The global annual mean Earth’s energy budget for 2000-2004 (W 
m–2) The arrows indicate the flow of energy in proportion to



A brief history of ERB missionsA brief history of ERB missions
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CERES Advances over Previous Missions
• Calibration Offsets, active cavity calib., spectral char.
• Angle Sampling Hemispheric scans, merge with imager

t h d f d l d timatched surface and cloud properties
new class of angular, directional models

• Time Sampling CERES calibration + 3-hourly geo samples
new 3-hourly and daily mean fluxes

• Clear-sky Fluxes Imager cloud mask, 10-20km FOV
• Surface/Atm Fluxes Constrain to CERES TOA, Fu-Liou, ECMWF

imager cloud, aerosol, surface properties
Cl d P ti S 5 h l l ith VIRS MODIS• Cloud Properties Same 5-channel algorithm on VIRS,MODIS

night-time thin cirrus, check cal vs CERES
• Tests of ModelsTake beyond monthly mean TOA fluxes

to a range of scales, variables, pdfsg , , p
• ISCCP/SRB/ERBE overlap to improve tie to 80s/90s data.
• CALIPSO/Cloudsat Merge in 2006 with vertical aerosol/cloud

d bl lMove toward unscrambling climate system energy components



CERES Instrument
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CERES LW Terra Results - July 2000

CERES Clear-Sky TOA 
Longwave Flux (W m-2)

CERES TOA Longwave 
Cloud Forcing (W m-2)Cloud Forcing (W m )



CERES SW Terra Results - July 2000

CERES Clear-Sky TOA 
Shortwave Flux (W m-2)

CERES TOA Shortwave 
Cloud Forcing (W m-2)Cloud Forcing (W m )



CERES Net Cloud Forcing (July, 2000)























地球能量再分配估算的演变

90年代前
教科书

Li et a
(1993)

Wielicki Li et aWielicki
et al.
(1995)

Li et a
(1997)



Li et al (1997, BAMS









Assessment of 
Cloud Absorption and Earth’s 

Radiation BudgetRadiation Budget















Dependence of R on cloud typeDependence of R on cloud type

Li t l (J Cli t 1993)Li et al. (J. Climate, 1993)



Li et al. (Nature, 1995)





Validation of satellite SRB estimates to check if 
the difference increases with cloud cover

Hypothesis to be tested

If CAA exists, satellite retrieval of SRB would 
not agree with ground-based observationsnot agree with ground-based observations, 
and the difference would increase with cloud 
amountamount





Li (J. Climate, 1998)















1. An important application of a radiative transfer model is to help develop remote sensing algorithm to 
retrieve quantities at surface or in the atmosphere from satellite measured radiance.  The essence of 

Project 3 (Due April 19)

q p
developing an algorithm is to establish relationships explicitly (e.g. parameterization) or inexplicitly (e.g. 
look-up-table) between a quantity to be retrieved and a quantity measured by a space-borne sense. The 
objective of this project is to get acquainted with the procedure of algorithm development by reproducing the 
results as presented in Li et al. (1993, J. Climate) which can be downloaded from my homepage. The 
algorithm has been used for retrieving surface solar radiation budget from reflected fluxes at the top of thealgorithm has been used for retrieving surface solar radiation budget from reflected fluxes at the top of the 
atmosphere (TOA) measured by various space-borne sensors such as the ERBE (Li and Leighton, JGR 1993) 
and CERES (Krats et al.. 2010). 

Use a RTM such as SBDART (http://arm.mrcsb.com/sbdart/html/sbdart-intro.html)  to 
1) Compute TOA reflected, surface absorbed and atmospheric absorbed fluxes for cloud optical depths at 0, 

10, 20, & 40 to reproduce the results in slide 21 for a fixed solar zenith angle (SZA) at 60o
2) Calculate atmospheric absorptance (flux absorbed in the entire atmospheric column divided by incoming 

flux at the top of the atmosphere, TOA) and parameterize their relationship as a function of TOA albedo. 
Repeat this for SZA at 0 30 60 75 degrees and for cloud cloud tops at 850 500 and 300 mbRepeat this for SZA at 0, 30, 60, 75 degrees, and for cloud cloud tops at 850, 500, and 300 mb.

3) Discuss the results in terms of the sensitivity of atmospheric absorption to cloud optical depth, sun angle 
and cloud top height. 

4) Based on the results of 1)-3), state the fundamental principles of the retrieval of surface absorbed fluxes 
from TOA reflected fluxes. 

2. Read the following papers, write your own assessment of the cloud absorption anomaly (CAA) debate  
1) Derive the relationships between the slope of Albedo-transmittance (S), the ratio of TOA and 

surface SW radiative forcing, and the slope in the retrieval of surface absorbed flux and TOA 
reflected flux. Confirm it with the above modeling results from problem1.
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reflected flux. Confirm it with the above modeling results from problem1. 
2) Elaborate major evidences presented in support and against the CAA
3) Flaws or mis-conceptions leading to the apparent CAA
4) What you learn from such a debate for the advancement of science?
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