Satellite measurements of CCN and cloud
properties at the cloudy boundary layer: The
Holy Grail — is it achievable?
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r. = 1.08R,,

The cloud is dominated by inhomogeneous mixing.

Therefore cloud drop size behaves almost as adiabatic cloud.
This explains the tight relations between Re and height or D.
Therefore, a well defined depth for rain initiation should exist,
which depends on the nucleated cloud drop concentration.
Giarit CCN can initiate raindrops at smaller r..
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r.=1.08r,

The self similarity of convective DSDs causes a similarity and a
fixed relation between r, and r..
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Extreme inhomogeneous mixing

1. Dry air penetrates

Saturated cloudy air parcel
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O Dry entrained air parcel

. Cloud drop

2. Drops at the border of the dry parcel completely
evaporate until saturating the mixed parcel.
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3. The saturated parcel mixes and dilutes the drop
concentration W|thout further evaporating them.
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Results:
Drop concentration decreased
Drop size conserved




Extreme homogeneous mixing

1. Original unmixed cloud Saturated cloudy air parcel
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2. The cloud mixes homogeneously with dry air and becomes
sub saturated, before cloud drops had time to evaporate.
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3. The cloud drops evaporate partially and reduce
their size until the cloudy air saturates again.

Sub-saturated mix of cloud

I | Results:
Drop concentration preserved
Drop size decreased
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Freud and Rosenfeld, submitted.



O Aircraft measurements in a cluster of deep convective
5000 -dlouds over India,
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The number of activated CCN at cloud base will be obtained from the microphysical
vertical profiles of the convective clouds (T-r, relations)
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s N "y = (3qu/4mp, N)M
_ ‘(\\@g Where

The reduction in N, with respect to adiabatic depends
3 on the relative humidity of the air that is mixed with
the cloud.

, This can be retrieved by the thermal T and NIR water
i vapor channels, with reference to the cloud surfaces.

OLa Adiabatic Water Mixing Ratio [g kg ']

| Vo1 T /7"; |
0 200 400 600 o /o0 1200 Fe = 1.087T,
Rf[umz]

If T-r, is so tight, it means that mjxing with ambient dry air does not change
much r,, and it is similar to r, of'an unmixed (adiabatic) cloud.

If r, is adiabatic, we can calculate N adiabatic, or N_, the number of activated
drops at cloud base, N_, 4s shown above.

We can correct the ajfcraft measured r, to adiabatic r., according to the
scheme of Freud arid Rosenfeld, ACP 2012.
On average N, ~ 0.77N, adiabatic.



Retrieving CCN from satellite-measured T-

Temperature
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Calculating N, from observed D- or T-r,
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The scientific basis for a satellite mission to retrieve CCN
concentrations and their impacts on convective clouds
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CHASER

An Innovative Satellite Mission Concept to Measure the
Effects of Aerosols on Clouds and Climate

BY NiLton O. Renno, EArLe WiLLiams, Danier RosenreLp, Davip G. FiscHer, JURGEN FiscHER, Tisor KRremic,
ARrRUN AGrAwAL, MEINRAT O. ANDREAE, RosiNA BiereaumM, RicHARD BLakEesLee, ANko BoERNER, NEIL BowLEs,
HugH CHrisTiaN, ANN Cox, JasoN Dunion, Akos HorvaTH, XIANGLEI HUANG, ALEXANDER KHAIN,
SteraN KINNE, MAriA C. Lemos, Jorce E. PENNER, ULRicH PoscHL, JoHAaNNEs Quaas, ELENA SERAN,
Bjorn STEVENS, THOMAS VWALATI, AND THOMAS VWAGNER

CHASER proposes to revolutionize our understanding of the interactions of aerosols with
clouds by making the first global survey of the fundamental physical entity linking them:
activated cloud condensation nuclel.



Spatial resolution of ~100 m is required for same
vertical resolution from reflectance from vertical
sides of clouds. Lower resolution misses all but
largest and deepest clouds.

The solar reflectance depends on cloud top

Satellite topography and orientation. Therefore, it is
necessary to resolve the 3D radiative effects
Qarse and dynamic structures by stereoscopic

measurements.
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19 Measurement concept for T-r, based CCN retrievals



CHASER
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Nilton O. Renno, Earle Williams, Daniel Rosenfeld et al., 2013:
CHASER: An Innovative Satellite Mission Concept to Measure
the Effects of Aerosols on Clouds and Climate. BAMS, May
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Thermals in the well mixed boundary layer, as seen by the
vertically pointing Doppler radar at the SGP site. The retrieved
cloud base updraft speeds are denoted. The vertical line

denotes the overpass time.
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Validation of the satellite-retrieved CCN by surface
measurements at the SGP for the 9, 13, 19, 24 and 25
of July 2012. The median r, for a given T was used.



Yes, It might be possible
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