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Abstract. Estimating anthropogenic aerosol effects on the Distinguishing contributions to aerosol radiative forcing
planetary energy balance through the aerosol influence ofrom scattering and absorption of sunlight by aerosols and
clouds using the difference in cloud radiative forcing from from aerosol-induced changes in clouds has historically been
simulations with and without anthropogenic emissions pro-essential for understanding the mechanisms involved and the
duces estimates that are positively biased. A more represermependence of aerosol radiative forcing estimates on the rep-
tative method is suggested using the difference in cloud raresentation of the associated processes. The literature on esti-
diative forcing calculated as a diagnostic with aerosol scatmates of aerosol radiative forcing is filled with estimates that
tering and absorption neglected. The method also yields adistinguish such contributions (Forster et al., 2007; Bond et
aerosol radiative forcing decomposition that includes a termal., 2013).

quantifying the impact of changes in surface albedo. The Estimates of anthropogenic aerosol effects through the
method requires only two additional diagnostic calculations:aerosol influence on clouds are often approximated (Rotstayn
the whole-sky and clear-sky top-of-atmosphere radiative fluxand Liu, 2005; Hoose et al., 2009; Chen et al., 2010; Gettel-
with aerosol scattering and absorption neglected. man et al., 2012) by the change in the cloud radiative forcing
when anthropogenic emissions are introduced in simulations:
AC, whereA is the difference between atmosphere simula-
tions with and without anthropogenic emissions but the same
ocean conditions (Rotstayn and Penner, 2001; Haywood et
al., 2009) and natural emissions, a@d= F — Fgleqar iS the

The | | Panel Cii ch Fifth A cloud radiative forcing, withF the shortwave radiative flux
e Intergovernmental Panel on Climate ang_e : S at the top of the atmosphere afgesr the flux calculated as
sessment Report recommends that anthropogenic aerosol e%

1 Introduction

foct the planet bal b q “diagnostic with clouds neglected.
ects on the pianetary energy balance be expressed as an ey pie sych an estimate is easy to calculate, | show

fective radiative forcing (ERF) that allows clouds to respond here thatAC is a significantly biased estimate of anthro-

to the aero;o(lj while surfIaC(Ie temhpeIrEathLllzr_e IS pres;:]rlbe((jj.. Qn ogenic aerosol effects on cloud radiative forcing (the sum of
recommenaded way to calculate the IS using the radiative, o -« indirect effects and semi-direct effects). Since the to-
flux perturbation (RFP) method from the top-of-atmosphere

bal i b ulati it dLal aerosol forcing from the RFP method is simply’, using
energy balance difference between simulations with andy g estimate anthropogenic aerosol effects on cloud radia-

without anthropogenic emissions but the same ocean sutg

" i tive forcing implies the direct anthropogenic radiative forc-
face conditions (Hanson et al., 2005; Haywood et al., 2009’ing from scattering and absorption by anthropogenic aerosol,

LhOhrgign et _al., 201;))' Lohrr:anr:j_et.al. 15201.0) showed thaﬁNhiCh (neglecting contributions from aerosol effects on sur-
the estimate of aerosol radiative forcing agrees we Iface albedo) equals the difference between the total forcing

with estimates using diagnostic radiation calls with present-_ 4 the change in cloud forcing, is equivalenttye: This

day and preindustrial aerosol and the same meteorology. Thiggimate of direct radiative forcing is biased because it ne-

suggests the RFP method can be used to estimate aerosol lects radiative warming enhancement by absorbing aerosol

Lﬁgﬁéﬂg;g;ﬂg all of the *fast physics™ of climate, including above clouds and because it exaggerates radiative cooling by

Published by Copernicus Publications on behalf of the European Geosciences Union.



9972 S. J. Ghan: Technical Note: Estimating aerosol effects on cloud radiative forcing

PD—PI Cloud Forcing (W m™) PD—PI Clean Cloud Forcing (W m™)

90S
180 120W 60W 60E

60E 120E

PD—PI Cloud Forcing Bias (W m™) Surface Albedo Forcing (W m™)

908
180  120W  60W 0 60E  120E 180 180 120w 6OW 0 60E

Fig. 1. Present-day — preindustrial difference in five-year annual mean top-of-atmosphere shortwave cloud radiative forcing (top left), clean-
sky shortwave cloud radiative forcing (top right), the difference (bottom left) and the surface albedo forcing (bottom right) simulated by
CAMS.1.

scattering aerosol above clouds. If the direct forcing estimatenean of ACgean= —1.92W n 2. The bias is particularly

is biased, then that implies the estimate of aerosol effects otarge off the coast of Angola, where absorbing aerosol above

cloud radiative forcing is also biased. cloud is known to produce positive direct forcing (Chand
et al., 2009), and over south China, where direct forcing is
also estimated by CAM5.1 to be positive (G12). The positive

2 A more representative method bias can be explained by the tendency of absorbing aerosol
to make shortwave cloud forcing more positive by increas-
A more realistic estimate of direct forcing iS(F — Felean) ing radiative warming when the absorbing aerosol lies above

(Lohmann et al., 2010; Ghan et al., 2012; hereafter G12)cloud (such as off the coast of Angola), and by the tendency
whereA is defined as above anlieanis the radiative flux  Of scattering aerosol to make shortwave cloud forcing more
calculated as an additional diagnostic from the same simupositive by enhancing radiative cooling more over clear sky
lations, but neglecting the scattering and absorption of soand dark surfaces than when clouds are present. Since these
lar radiation by all of the aerosol. Similarly, a more real- two mechanisms add rather than cancel, this positive bias is

istic estimate of aerosol effects on cloud radiative forcing likely to be robust, i.e., common to other models, particularly
iS A(Folean— Felearclean = ACclean Where Felearcleanis the  those including absorbing anthropogenic aerosol. _
flux calculated as an additional diagnostic, but neglecting The annual mean surface albedo term, also_shown in
scattering and absorption by both clouds and aerosols. ThEig. 1, ranges regionally betwee.0 and+10 W n2, and
total aerosol forcing then becomesF = A(F — Flean) + is —0.07 Wnt2 in the global mean. This term includes ef-
ACqlean+ AFclearclean The last term is largely the contri- fects_ of both changes in snow a_Ibedo due to dgposition of ab-
bution of changes in surface albedo induced by the aerosokorbing aerosol, and changes in snow cover induced by de-
As we shall see, it is small but not negligible, particularly in Position and by the other aerosol forcing mechanisms. The
some regions. positive forcing in Alaska, eastern Europe and especially Ti-
Figure 1 shows the spatial distributions of the annualbetis a signature of snow albedo reduction due to deposition
meanAC, ACglean and the differenceC — ACglean) from of black carbon on snow. Since the forcing is negative in the
present-day and preindustrial simulations by Version 5.1 ofArctic, where one expects snow albedo changes to produce
the Community Atmosphere Model, CAM5.1 (G12). The a radiative warming, the warming due to reduction in snow
AC and ACglean distributions look quite similar. However, albedo in the Arctic is apparently dominated by radiative
the biasAC — ACgleanis positive almost everywhere, with  cooling due to increases in snow cover. This interpretation is
a global mean of 0.42 W, which is 22 % of the global
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