
Opt im al Esti mat ion o f

Clo ud Dro p E �e ct ive R adi us

R. Furre r1, G. Feingold 2, P. Pile wskie 3,

L. Reme r4, Q. Min 5 and H. Jonsson 6

1NCAR & Colo rado Scho ol of M ines 2NO AA /ESRL 3Univ ersit y of Col orado, Boulde r
4NA SA/GS FC 5SUNY, Albany 6NPS /C IRPAS

AA AR, O ct . 18t h 200 5

Moti vati on
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Fir st aerosol ind irect e�e ct (IE):
inc rease in the numb er of cloud condensation nuc lei

gene rates a cloud with smaller dro ps (a ll else being equal).

T o qua ntify IE, measure simulta neously cloud and aerosol prop erties:
(a) cloud drop e�ec t ive radius ( r e) and
(b) cloud condensat ion nucl ei ( CCN) proxies.

Cloud drop radius r e can be retri eved with di�e ren t measurements:
(a) Is t here agree ment between t he tec hniques?
(b) What is the \b est" overall est imat e of r e?

Re mo te Sen sing : Sur f ace-based
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Cloud rada r, shado wband radiome t er,
(micr owave radiometer , lida r, nephelome t er)

Re mo te Sen sing : Spa ce, Ai rb orne
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MODIS , 
 ux radiom eter, in situ prob e

Re levan t Dat a f or Op tim al Est ima tio n
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On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r (re 
e ctivi t y)

On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r (re 
e ctivi t y)

On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r (de riv ed re)
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Re levan t Dat a f or Op tim al Est ima tio n

6

On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r

� Shadowba nd radiometer
(der ived re)
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Re levan t Dat a f or Op tim al Est ima tio n
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On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r

� Shadowba nd radiometer

� MODIS ( cloud cover)

On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r

� Shadowba nd radiometer

� MODIS ( deriv ed re)

Re levan t Dat a f or Op tim al Est ima tio n
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On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r

� Shadowba nd radiometer

� MODIS

� Flux radiome t er
(der ived re)
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Re levan t Dat a f or Op tim al Est ima tio n
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On Ma y 17 2003, single event dur ing `Intensiv e Op erations Perio d' when
5 remote and in-situ drop size retrie vals were available fo r compa rison:

� Cloud rada r

� Shadowba nd radiometer

� MODIS

� Flux radiome t er

� In situ prob e (de riv ed re)
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Data Su mm ary
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Sampli ng Sam pl ing volume/ Unce rtaint y
perio d ( s) Footp rint in r e (%)

Cloud rada r 20 700 m 3 15 - 20

Shadowba nd
radiome t er 300 Cir cle of radius 1 km 13

MODIS 10 � 4 2 km � 4.8 km 5 - 10

Flux radiome t er 1 Circ le of radius 2.7 km 15 - 20

In situ prob e 1 7 cm 3 15 - 20

T ake int o account: di�ere nt sampli ng perio d
di�e rent sampling volume
di�e rent retrie val unc ert aint y

Best -estim at e o f r e
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Assume t hat fo r su�ci ently small spatial and temp oral scales, r e do es
not change systemat ically .

Mo del r e at height h, time t and horizontal lo cat ion s by

r e( h; t; s) = � 1 + � 2h1=3 + Z ( h; t; s)

Me an zero Gaussian erro r process Z with a comple x variance structure .

Combine the di�er ent t ypes of ret rievals by accounting within Z fo r
{ sampling perio d,
{ sampling volume,
{ and retrie val unce rt aint y

to der ive weighted least squares est imates fo r � 1 and � 2.

Num erical Exam ple

12

Dat a:

� Cloud radar: 688 data points between 19:20 and 19:50
(91 columns ret rievals)

� Shadowba nd radiometer : 6 data points between 19:20 and 19:50

� MODIS : 3 � 3 square pixe ls center ed at SGP site

� Flux radiome t er: 3 dat a point s between 19:47 and 19: 49

W eight ing functions fo r spatial aggr egation:

� Cloud rada r: none , no spatial aggre gation

� Shadowba nd radiometer : constant

� MODIS , 
 ux radiom eter: exp onential with rates 17 or 340



Num erical Exam ple : Best-Esti mat e
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Sup erposition of all measure ments and best-e st im ate pro�le of r e
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Su mma ry
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� Compa rison of �v e r e ret rieval metho ds on Ma y 17 2003

� Me t ho dology fo r deriv ing best -estima te of r e( h; t; s):
{ four remote sensors

(sha dowband radiome t er, cloud rada r, MODIS , 
 ux radiometer)
{ inc orporat es unce rta intie s, weighting, di �ere nt sampling volumes

� Calc ulat ion of IE fo r di�e rent r e ret rievals and di�er ent CCN proxies
(rada r, shadowband radiome t er and lida r, nephe lometer , PCA SP):
{ even though r e ret rievals are sim ilar, estimat es of IE di � er

consi derably
{ low st at ist ics when binning by LW P

W eigh ti ng fun cti on s
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Vertical weight ing fo r re
e ctance and fo r t ransmission

Ad den dum : IE
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Simult aneous ly m easure cloud and aerosol prop ert ies at surface

IE = �
d ln( r e)

d ln( CC N)
0 < IE < 0:33

r e: { Shado wband radiom et er and m icro wave radiometer
{ Cloud rada r and micr owave radiometer

CC N proxy: { lidar ext inc tion (355 nm ; 350 m)
{ Nephelome t er scatteri ng (550 nm ; sur face)
{ PCA SP aerosol conc entration ( > 0.15 � m; surface )

Ad den dum : IE
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IE fo r 3 days with cloud rada r and lidar ext inction fo r CC N proxy

Ad den dum : IE
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Calc ulat ions of IE fo r 3 LWP bins based on shadowband radiome t er
(MFRSR) or cloud radar ( M MCR) and various CCN proxies.
IE values should lie between 0 and 0.333. Note num erous excursions
and even negative IE, when nephel om eter is used as CCN proxy.


