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INTRODUCTIONINTRODUCTION Anthropogenic aerosols enhance cloud reflectance of solar radiation by increasing the cloud droplet number concentrations. This so-called first Aerosol Indirect Effect (AIE) has 
a potentially large cooling tendency on our planet. However, discrepancies of more than a factor of 2 have been reported among observations1 as well as model simulations2 of the AIE. Our recent 
study3 shows that the discrepancies will be reduced greatly if the entrainment-mixing evaporation of cloud drops is taken into account. 

Results from recent model simulations with the constrain of satellite 
observations are better in line with those of the inverse calculations4. 
Here we explain WHY.

DISCREPANCIES  DISCREPANCIES  WHICH ONE IS RIGHT?WHICH ONE IS RIGHT?
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Fig.1 A disagreement between the responses of cloud drop 
number concentration (Nc) and cloud effective radius (re)
to the change in the aerosol loading. 

Fig.2 A disparity between estimates based on “forward”
calculations in which the empirical relationships between 
aerosol and cloud drop concentrations are used to calculate 
radiative forcings and “inverse” calculations in which the 
aerosol forcing is required to match global climate model 
simulations with observed temperature changes2. 
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Fig.4 The difference between the slopes of A and B implies 
that L/H (reflecting the evaporation of cloud water) must be 
correlated with aerosol loading and can act as a CPE3. 
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Fig.3 In comparison with 
Polder satellite observations, 
the first AIE seems to be 
overestimated by models.  

Lohmann & Lesins, 2002

Typically, the cloud drop number concentration (Nc) is related to the 
aerosol number concentration (Na) by 

As long as C co-vary with Na in the data for analysis, C will correlate to 
Na, even if Na does not depend on C, physically.  So, the ratio of dlnNc to 
dlnNa is not β=∂lnNc/∂lnNa alone but β plus an extra term that we call 
“Coherent Pattern Error (CPE)” , i.e.,

Considering re ∝ L1/3Nc
-1/3 (where L is liquid water content at cloud top), 

the left side of Eq. (A) can be inferred with satellite measurable variables 
re and aerosol optical depth τa (note here we use τa as a proxy of Na)

Most of current measurements of the first AIE contain the CPE 
which we believe to be responsible for the large uncertainties in AIE.
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CONCLUSIONCONCLUSION Our study explains the discrepancies among the 
observations of the first AIE and suggests that taking the coherent 
pattern error into account in global climate models helps reduce the 
large uncertainties in the aerosol radiative forcing. 
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Satellite observed 1st AIE over North-eastern 
Pacific using A & B

Discrepancies of more than a factor of 2 have been 
reported among observations as well as simulations.
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Satellite observed Im vs. Iγ over various 
regions for 2000-2002
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Fig.5 The coherent pattern error arise from the correlation 
between L/H and aerosol loading (i.e., Iγ) can positively or 
negatively bias the observed AIE Im. Notice that range of Iγ
is comparable to that of Im.

Removal of the coherent pattern error will reduce the 
satellite observed first AIE from 0.0 ~ 0.2 to 0.05 ~ 0.15.


