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What controls Earth's 
global clime?

• The Earth’s energy balance is determined in large part by 
its global albedo: the fraction of the incident sunlight that 
is directly reflected back into space without altering the 
internal energy budget of the atmosphere.

• C is the solar constant (adjusted for the Sun-Earth 
distance), R

E
 is the Earth's radius, A is the shortwav   е

Bond albedo, g is the normalized greenhouse effect, T
S
 is 

the averaged surface temperature.

• The Bond albedo, together with solar irradiance and the 
greenhouse effect, directly controls the Earth's 
temperature. 

• Variations in C, A and g may lead to changes in the 
Earth's climate.
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Motivation & objectives

• The global albedo, averaged over a variety of time scales, 
is a crucial climate indicator, but its determination 
remains a challenging task.

• Reconstruct interannual and decadal variations in Earth's 
large-scale reflectance over a 20 years period:

✔ Make sustained measurements of the Earth's reflectance by 
observing the earthshine from Big Bear Solar Observatory.

✔ Simulate the Earth's reflectance for both the parts of the Earth in 
the earthshine (ES) and for the whole Earth.

✔ Interpretation of the results.



Approach and data

• From each night of ES observations, one can deduce a value of 
Earth's apparent albedo, p*, with roughly 1% precision.

• Study albedo longer-term variation by averaging the daily 
anomalies, ∆p*, with respect to their mean.



Drawbacks

• apparent albedo (reflectance 
in one direction) → Bond  
albedo (averaged over all 
directions).

• Precise value of global albedo 
cannot be determined at daily 
time scales.

• Lack of global spatial and 
temporal coverage in the data.

• Need of spatial weighting of 
the data. Some areas have 
very low weight!



Analysis

• Determine which regions of Earth contributed to ES 
during each night of 1999-2001 BBSO observation.

• Determine average cloud and surface properties for that 
region and time from the International Satellite Cloud 
Climatology Project (ISCCP) D1 daily data set.

• Relate ∆p* measurements to ISCCP data, by performing 
linear multiple regression with ∆p* as a variable 
dependent on several ISCCP cloud parameters.

• Although none of the selected ISCCP cloud variables 
alone correlated at any statistically significant level with 
∆p*, surface reflectance (SR), cloud-top optical thickness 
(OT), and mean cloud amount (CA) had the strongest 
correlation in all bins.

• Thus, these three independent variables were selected to 
perform the multiple regression.



Reconstruction of ∆p* 

• Regression allows  to 
construct an ISCCP-derived 
proxy for Earth's reflectance 
at times when ES data are 
not available.

• Reconstruct the albedo on 
dates since 1999 until mid-
2001 when observations 
from BBSO are missing 
during some nights. 

• Confidently extrapolate back 
to the first ISCCP data by 
determining what the ES 
observing times would have 
been and thus what regions 
of Earth would have 
contributed to ES.

Measured versus reconstructed p* 
anomalies during 1999-2001  for which 
both ES observations and ISCCP data are
available.



Results

• Fairly steady decrease 
in reconstructed 
reflectance from the 
late 1980s to the late 
1990s. 

• Change in the albedo   
is climatologically very 
significant (the latest 
IPCC report argues for 
a 2.4 W/m2 increase in 
CO2 longwave forcing 
since 1850).

Reconstructed annual reflectance anomalies, ∆p* 
(black), with respect to the mean anomaly for the 
regression calibration period 1999-2001 (vertical 
gray band).
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Reconstructed annual reflectance anomalies, ∆p* 
(black), with respect to the mean anomaly for the 
regression calibration period 1999-2001 (vertical 
gray band).

• The observational ES 
data extend from 1999 
to 2003 and indicate a 
clear reversal of the 
ISCCP-derived 
reflectance trend 
starting in 1999 up 
through 2003.

• Only the ES data are 
currently available to 
signal this reversal; it 
will be interesting to 
see how the proxy 
behaves when ISCCP 
data are available 
beyond mid-2001.

reconstructed ES



Suggestions
✗ ISCCP data lack global coverage and have 

low resolution (280 km grid). 

✗ OT, CA & SR are assumed to be 
independent – potential feedbacks are 
ignored. Regression coefficient is 0.6. 

✗ Regression coefficients are obtained over a 
short (1999-2000) period of observations. 
How well they represent other time 
intervals in terms of climate data?   

✗ Effect of the aerosols is completely ignored.

✔ Use higher resolution data with better 
coverage (lack of extended measurements).

✔ Include aerosols in the (nonlinear-potential 
feedbacks) regression analysis.

✔ Data assimilation instead of regression.


