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Theory of the First Aerosol
Indirect Effect

» In an adiabatic ascent, an increase in the
droplet number concentration at constant
liquid water mixing ratio results in a
decrease in the average droplet radius and
an increase in the reflection of incoming
sunlight (Twomey, 1974, 1991).

+ Key issues for implementation in real
atmosphere:
- Isolated parcel (no mass or heat exchange)

- Adequate supersaturation (updraft velocity)
to activate new Cloud Condensation Nuclei

(CCN)



determine the optical properties of
the cloud?
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High LWP, SST and Upwelling Index for PYE
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Summary and Conclusions

» Observed LWP-dependent regimes within
the First Aerosol Indirect Effect

- Recommend that "One-third Law" be

applied selectively in coastal stratus

- may require modification to account for
subadiabatic clouds

- Otherwise, an overestimate of AIE

- Need more extensive data set

* New technique for number density is
promising






Liquid Water Path [gm™]

Optical Depth

All scenes
All scenes

Relative frequency

\f\-\

10 15 20 r 50 100
Mean Optical Thickness Mean Liquid Water Path




Liquid Water Path (g/m?)

o
=
il
2
o
3




Droplet Microphysics in GCMs

"One-Third Power Law"
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Trajectory Starting Time 060123, Marine Fraction 0.96




Trajectory Starting Time 062117, Marine Fraction 0.82
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Increasing aerosol concentrations observed with increasing
droplet concentrations and a decrease in the effective
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Aerosol Shortwave Indirect
Effects

First (or Twomey Effect): "We can with some confidence
predict that clouds in the future will contain more droplets
per unit volume and, other things being equal, these droplets
must become smaller” Twomey, S., 1991 Aerosols, clouds,
and radiation. Atmos. Env., 25A, 2435-2442. (originally
proposed in 1974)

Second (or Albrecht Effect): "Increases in aerosol
concentrations over the oceans may increase the amount of
low level cloudiness through a reduction in drizzle—a process
that regulates the liquid water content and energetics of
shallow marine clouds” Albrecht, B.A., 1989: Aerosols, cloud
microphysics, and fractional cloudiness. Science, 245, 1227-
1230.



The Adiabatic Cloud Model

* Many past studies use an adiabatic cloud
model to compute the adiabatic cloud
droplet number density, which is
subsequently linked to effective radius to
examine the Aerosol First Indirect Effect

- Penner et al., 2005; Feingold et al., 200X;
Brengiuer et al., 2005; ect.

- Assume the nucleation properties of the
aerosol particles



Effects of Mixing

+ Homogeneous versus heterogeneous mixing
- AILE impacts apparently different
- Thin clouds—heterogeneous?

- Wood: Cancellation of aerosol indirect

effects through cloud thinning

- Cloud base height is critical factor

- Zcb<400 m feedbacks cancel Twomey
- Consistent with low LWP results

» SGP: New results that support
homogeneous mixing in clouds with higher

L WP
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MARTHE CLOUD and FOG

WARMER WATER ) COOLER WATER
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Fig. 2. The droplet specira are compared over warm and cool waler. The fog began convecting afier reaching
the warmer water beyond the coastal upwelling, and became diluted. The drop concentration over the warm
water decreased to about 10% of the maximum in fog, and some parcels had average drop size diameters
above 20 wm, The fog converted 1o small cumulus clouds, and the base rose as the dilution proceeded, and the
tops penctrated through the inversion and soon the cloud totally evaporated. In the equilibrium fog over the
cooler water the entrainment of dry air stopped after the fog formed near the coast. There was no turbulence in
the fog and the average drop size was almost constani. The initial stage in ETEM (entity type entrainment
mixing) leads us 1o expect equal sized drops with varying concentrations. This is fig, & from Telford and Chai
(1993a).
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CLOUD OPTICAL DEPTH VS. LIQUID WATER PATH
North Central Oklahoma, 2000
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Optical depth is highly correlated with and strongly dependent on liquid
water path.

Tight cluster of points about a diagonal line through the origin is
indicative of constant eflective radius over the day.

Slope is inversely proportional to effective radius.

F, fraction of variance accounted for by regression = 96%.






Impacts of Cloud Dynamics on
Cloud Microphysics

Adiabaticity, a
a = 1: adiabatic
a < 1: sub-adiabatic

Bins of Cloud
Thickness
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Green: 600-1000m




Impacts of Cloud Dynamics on
Cloud Microphysics

Bins of Adiabaticity

Blue: 0.1-0.9
Green: 0.9-1.5







saturates



rastic changes in humber concentration from parcel to parce
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Observables Checklist

Stage 1

- Reduced reflectivity in pockets near cloud top
- Considerable variability in reflectivity near cloud top

Stage 2 and 3

- Large variations in number density from parcel to parcel
- Descent

- Lower reflectivity and wider spectral width in the
downdrafts relative to the updrafts

Stage 4

- Possible enhanced reflectivity in some updrafts due to
the presence of exceptionally large droplets.



MILES ET AL.

Cloud Droplet Size Distributions in Low-Level Stratiform Clouds
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(Mammscript received 29 May 1998, in final form 10 February 1999)

TapLE 3. Sunmary of results in Tables 1 and 2, listing mean values

and standard deviations of vartous microphysical quantities for ma-
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Fundamental Relationships

1-g)7
D,/ 1|, = ( g) Shortwave Albedo
T 70
2+(1-9)7
Assume Q =2 Liquid Water Path (LWP)
3 L / How much total liquid in the cloud?
r—

— How much surface area does
2 /Owre the liquid have?
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Effective Radius
--Mean radius for scattering
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Remotely Sensing the Cloud
Droplet Distribution
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