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Will focus on first indirect effect.

Will mainly emphasize satellite observations.

Note coauthors and references throughout.

There is no best strategy, but complementary strategies.



Johannes Quaas

 

et al. (2009)

Models compute Nd

 

based on aerosol amount and cloud dynamics.

MODIS retrieves cloud drop effective radius (CER) and cloud optical thickness (COT):
assuming clouds fill the field of view
also assuming clouds are horizontally homogenous
result is only for the values averaged over a narrow layer at the top of the cloud.

Nd

 

retrieval makes further assumptions about the cloud structure.

So, once you properly screen the data, you are only looking at a

 

subset of all clouds.

Correlation could be coincidental.



Single‐column simulation of ARM‐SGP site.

NASA GEOS‐4 simulations with and without cloud drop 

 

number/size based on aerosol amount (Yogesh

 

Sud

 

and 

 

Dongmin

 

Lee, 2007; and continuing work of Partha

 

Bhattacharjee).

ARM surface data
interacting aerosols/clouds
prescribed Nd

CERES satellite data

MODIS satellite data

Presenter
Presentation Notes
The approach Yogesh has taken to evaluate the model, which is a good one, has been to force a single-column version of the model with the well-constrained boundary conditions at the DOE instrumented ARM site in the Oklahoma and then compare the seasonal cycle of the simulated cloud to that observed in the ARM data.  Here the seasonal cycle of sulfate aerosols from GOCART has been used to drive the aerosol nucleation scheme.  The black curves are observations, mainly from the ground-based remote sensing instruments at the ARM site, except for the TOA net solar, which is perhaps an ERBE or CERES product, and the cloud optical thickness, which is from MODIS.  The red curve is the simulation using the aerosol nucleation scheme and the blue is using the previous version of the model where clouds were insensitive to variation in the aerosol amount.  Clearly there is some improvement in the simulation of the seasonal cycle of liquid water clouds.
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observation model observation model

Observations from offshore of N. California [Wilcox, Roberts and

 

Ramanathan

 

(2006)].
Simulations from NASA GEOS‐4.

Polluted is Na

 

(>0.1m diameter) greater than 30 cm‐1

 

from aircraft.
Liquid water path from AMSR‐E satellite.



observation model

Radiative

 

effect:

observed = ‐9.9 ±

 

3 W m‐2

simulated = ‐15.0

Observations from offshore of N. California [Wilcox, Roberts and

 

Ramanathan

 

(2006)].
Simulations from NASA GEOS‐4.

Although the simulated magnitude of the microphysical response of the clouds is reasonable, the nature of the 

 

simulated clouds is such that the radiative

 

forcing is greater than observed.
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Oreopoulos

 

and Steven Platnick

 

(2008)
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Yan Feng

 

and V. Ramanathan

 

(in press)

Cloud Liquid Water Path (g m‐2)

ECMWF reanalysis constrained by SSM/I satellite

g m‐2

Chemical transport model simulating aerosols, clouds and interactions (liquid clouds) driven by ECMWF reanalysis.
Constrained cloud liquid water path by SSM/I passive microwave liquid water path retrieval.

So cloud microphysics responds to aerosol variations, but meteorology and cloud macrophysics are constrained by 

 

observations.



Yan Feng

 

and V. Ramanathan

 

(in press)

Simulated inter‐hemispheric difference in COD and CER are larger than 

 

observed although possibly within observational uncertainties.  



Summary

Quantitative retrievals of cloud properties are only available for a subset of all clouds.

A combination of in‐situ and satellite data can estimate the magnitude of the indirect effect which can be compared 

 
to model output.

Computation of cloud susceptibility can help separate errors attributable to the physical parameterization of 

 
aerosol/cloud interactions from errors in the simulated cloud fields.

Creative use of single‐column models and constrained transport models can help isolate the microphysical 

 
interaction from dynamical correlations of aerosol and cloud.



Wilcox, Harshvardhan, and Platnick

 

(2009)

mean aerosol ssa0.55m 

 

= 0.91 (Haywood et al. 2004)



AIRS 700 hPa

 

temperature JAS 2006





LWP ≈

 

COT * CER LWP = Cloud liquid water path
COT = Cloud optical thickness
CER = Cloud drop effective radius
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