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Fir st aerosol indirect ee ct (IE):

Opt |m al ES'“ mat |On Of increase in the numb er of cloud condensation nuclei
generates a cloud with smaller drops (all else being equal).
Clo u d Dro p E e Ct ve R adl us To quantify IE, measure simulta neously cloud and aerosol prop erties:

(a) cloud drop eec tive radius (re) and
(b) cloud condensat ion nuclei (CCN) proxies.
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Cloud drop radius re can be retri eved with die rent measurements:
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Remo te Sensing: Surface-based Remo te Sensing: Space, Airborne

Cloud radar, shadowband radiome ter, MODIS , ux radiometer, in situ probe
(micr owave radiometer , lidar, nephelome ter)

Relevan t Dat a for Op tim al Est ima tio n Relevan t Dat a for Op tim al Est ima tio n

On May 17 2003, single event during ‘Intensiv e Op erations Period' when On May 17 2003, single event during ‘Intensiv e Op erations Period' when
5 remote and in-situ drop size retrie vals were available for compa rison: 5 remote and in-situ drop size retrie vals were available for compa rison:
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Relevan t Dat a for Op tim al Est ima tio n

On May 17 2003, single event during ‘Intensiv e Op erations Period' when
5 remote and in-situ drop size retrie vals were available for compa rison:

Cloud radar
Shadowband radiometer

MODIS (cloud cover)

Relevan t Dat a for Op tim al Est ima tio n

On May 17 2003, single event during ‘Intensiv e Op erations Period' when
5 remote and in-situ drop size retrie vals were available for compa rison:

Cloud radar

Shadowband radiometer s |

MODIS i % <3
% o ot | S
s % o £

Flux radiome ter Al Iy g2

In situ prob e (derived re) o | =

T T T T T T T
19.090 19.095 19.100 19.105 19.110 19.115 19.120
Time, h (UTC)

Best -estim at e of re

Assume that for suci ently small spatial
not change systemat ically.

and temp oral scales, re does

Mo del re at height h, time t and horizontal location s by

re(h;t;s) = 1+ »h13+ Z(h:t;s)

Mean zero Gaussian error process Z with a comple x variance structure .

Combine the dier ent types of retrievals by accounting within Z for
{ sampling period,
{ sampling volume,
{ and retrie val uncertainty

to derive weighted least squares estimates for

1 and ».

Relevan t Dat a for Op tim al Est ima tio n

On May 17 2003, single event during ‘Intensiv e Op erations Period' when
5 remote and in-situ drop size retrie vals were available for compa rison:
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Data Summ ary

Sampling Sampling volume/ Unce rtaint y

period (s) Footprint in re (%)
Cloud radar 20 700 m3 15 - 20
Shadowba nd 300  Circle of radius 1km 13
radiome ter
MODIS 10 4 2km 4.8 km 5-10
Flux radiome ter 1 Circle of radius 2.7 km 15 - 20
In situ probe 1 7cm?3 15 - 20

Take into account: diere nt sampling period

die rent sampling volume
die rent retrie val uncertainty

Num erical Exam ple

Dat a:

Cloud radar: 688 data points between 19:20 and 19:50

(91 columns retrievals)

. 6 data points between 19:20 and 19:50
3 3 square pixels center ed at SGP site
3 data point s between 19:47 and 19:49

Shadowband radiometer
MODIS :
Flux radiome ter:

W eight ing functions for spatial aggr egation:

Cloud radar: none, no spatial aggre gation

Shadowband radiometer : constant

MODIS

ux radiometer: exponential with rates 17 or 340




Num erical Exam ple: Best-Esti mat e

Superposition of all measure ments and best-e stimate prole of re

o/ o

Retrievals:
0 Cloud radar
Shadowband radiometer
| Flux radiometer
| MoDIS
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o Estimates:
o —— Weighted (rate=17)
Weighted (rate=340)
—— Unweighted
Global mean
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W eigh ting fun cti ons

Vertical weighting for re e ctance and for transmission

IE for 3 days with cloud radar and lidar extinction for CCN proxy

Summa ry

Compa rison of v e re retrieval metho ds on May 17 2003

Methodology for deriving best-estima te of re(h;t; s):
{ four remote sensors

(shadowband radiome ter, cloud radar, MODIS , ux radiometer)
{ incorporat es uncerta intie s, weighting, di ere nt sampling volumes

Calculat ion of IE for die rent re retrievals and dier ent CCN proxies
(rada r, shadowband radiome ter and lidar, nephe lometer , PCA SP):
{ even though re retrievals are similar, estimat es of IE di er

consi derably
{ low statistics when binning by LWP

Ad den dum : IE

Simult aneously measure cloud and aerosol properties at surface

din(re)

IE = =
din( ccN)

0< IE < 0:33
re: { Shadowband radiometer and microwave radiometer
{ Cloud radar and micr owave radiometer

CCN proxy: { lidar extinction (355 nm; 350 m)
{ Nephelome ter scatteri ng (550 nm; surface)
{ PCA SP aerosol concentration (>0.15 m; surface)

Ad den dum : IE

Calculations of IE for 3 LWP bins based on shadowband radiome ter
(MFRSR) or cloud radar (MMCR) and various CCN proxies.
Note num erous excursions

IE, when nephelom eter is used as CCN proxy.

IE values should lie between 0 and 0.333.
and even negative




