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fntroduction
Climate effecte due to the increæing burden of manmede aerosols a¡e
expected to counteræt the warming effecte due to increæing levels of
greenhouae gæes by e eignificant pa¡t. Here, we coneider the di¡ect ef-
fects of sulfate aerosols. The atmospheric lifetime of these aerosol¡ ia
in the order of a week, depending on meteorologicel conditions. Hence,
their concentratíono ehow a large wriability in Epæe and time. Sulfur
emi¡sions lesd to the formetion of sulfete eerosols. Theae particlee are
capable of reflecüing solcr redietion. In addition to thie direct efiect,
aerosols may alter the eize dietribution of cloud droplets and hence the
reflectivity of cloud¡. The total ae¡o¡ol efiect is not well-known. Un-
certaintiee are largely æsocieted with estimatee of the emiesione of the
precuraore sDd with the parameterizatione of chemical processes u well æ
the modelled transporta. In addition, uncettainties in the microphyeical
properties, such æ eize distribution and the interactions of aeroeols with
water vapour and dropleta, hamper accurate estims¿es of the radiative
effecte.

Here, we focus on the direct radiative forcing oensitivity of sul-
fete aeroeole to ineolation parametere and eurfece conditione, F\rthe¡-
more, the ñelde of radietive forcing, ueing the modelled eulfete aeroeol
burden over Europe for three eelected cæea æ cslculated by the trene-
port/chemietry model TMg fJeuhen et ol., Poeter], are presented. Thie
work ie performed within the frEmewo¡k of the NRP project MEMOR.A':
Aerctol; cycle ønd inflvence on thc mdiatio¡ bølo¡c¿.

Sensitivity
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tl_!:d9 [Figure 2). Over dErk Eurfaceo the aeneitivity ia largest in

June (36 Wm-" per OD) and smalleet in December (Zt Wm-2 oei O¡tand smelleat in December (21 Wm-2 per OD)
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Radiative Forcing
The rediative forcing due to sulfate aeroeole chenges depends on

o gurfece albedo (R¡)
. ever&ge cosine of ¡olar zenith angle (pg) during daylight time
o day fraction (.f¿ : daylight time / dayleogth)
¡ cloud cover (C.l¿)

Forcing computatione under cleer sky conditions are performed usìng an
enelytical expreeeion lVan Dorlotd et ol., l. Geophys Res,, 10e, gg,07g-
28,100, l997ll

AF.¡" = -s¡|¿h{41p6Q-R,)lo 
õ([r-.R,]0 u-[polo o)-.]raso4 (1)

where AF"¡" is the diurnel overage rediative forcing in Wm-2, S¡ is the
soler constant (:1370 W --2), k: õ.8x10-2 per unity optical depth
(OD), ¡ : 0.O5, and ASO4 ie the eulfate aeroeol change in terme of optical
depth, A.s a firet order epproximation, cloud efiecte can be included by
usint the factor (l - C.¡ ¿ ), implying no direct forcing for total cloudineas.

The clear sky expreesion is bæed on calcul&tions using a sophiati-
cated radiative tranafer echeme, which ie &lso pêrt of the ECHAM4 cti-
mate model, and includes the radiative eFecte of cloude, water vapour,
ozone, 11 aerosol componente and the well-mixed greenhouae gæes CO2,
CH{, N2O æ well æ 16 CFC's, HCFC'o, HFC's.
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¡urfece albedo

For high eurfece elbedoe the Eitustion is revereed.
ln a cloudleEe atmos
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Case Studies
Within the NRP projèct eeveral cæea have been selected for a deteiled
inveetigation, i.e, e comparison between meæurementg and model results.
In thiB 8tudy, we eveluate the modelled fielde of aulfate aeroeol burden
ueing TM3 in terms of the direct radiative forcing. Hereto, a translation
hæ to be made from aeroeol mæg into opticel depth. Thie conve¡sion
factor depends strongly on the eeroeol size di¡tribution and ùherefore on

Conclusion
r The analytical ¡ool for estimeting the clear sky
radiative forcing changes.
o Locelly, the neg due to sulfate eerosols can exceed
largely the positive forcing due to greenhouse gæes,
o Adding increæes of other manmade aerosolq such æ nitrate aerosols
and organic compounds (meæured at ECN, petten), will resu¡t in even
larger negative velues of the radietive forcing.
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