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Key points

AAerosol forcing is spatially inhomogeneous i so aerosols are not
just a nAnegative greenhouse gaso

ALow-resolution simulations of 20t Century global climate change
suggest that:

AThe Asian aerosol haze may have contributed to increased rainfall in
north-western and central Australia

ANorthern Hemisphere anthropogenic aerosol may have contributed to
the positive trend in the Southern Annular Mode (SAM) T corresponding
to increased sea-level pressure at latitude 40S

AAnalysis of annual Australian rainfall data from observations (and
the CSIRO Mk3.6 GCM) suggests the existence of a previously
unidentified east-we st -f il folpiop mode of wvari ab
AWetter in the north-west may be dynamically linked to drier in the east

AWhatever has caused increased rainfall in the north-west may have
contributed to decreased rainfall in the east and south-east



The IPCC bar chart only tells us about the global-

mean forcing, not the spatial distribution

Top-of-atmosphere radiative forcing from IPCC 4t Assessment (1750 7 2005)
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Aerosol forcing is very inhomogeneous, and mostly in the Northern Hemisphere (NH)



Atmospheric GCMs show a southward shift of tropical

rainfall in response to aerosol forcing

From Rotstayn, Ryan & Penner (GRL, 2000): Rainfall response of CSIRO
AGCM + mixed-layer ocean to indirect effects of sulfate aerosol (mm/day)
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AThe NH cools relative to the SH, so tropical rainfall shifts southward
ASeveral GCMs have since obtained similar results in response to indirect or
direct + indirect aerosol forcing

ARotstayn & Lohmann (J. Climate, 2002) argued that aerosols may have
contributed to the 1970s and 1980s Sahelian droughts via this mechanism
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Observed rainfall trends since 1950 show a pattern of

Increasing rainfall over north-west and central Australia
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Data are from CRU TS 2.1 (Mitchell & Jones, 2005).

1951-1996 annual rainfall
trends (mm/century). Light
(heavy) stippling shows points
significant at 10% (1%) using a
two-sided t-test on the 46
annual means.

Most greenhouse-forced
coupled GCM simulations have
not captured the increasing
rain over NW Australia (e.g., 7
out of 8 models considered by
Whetton et al., 2001, gave the
wrong trend for summer
rainfall).

Q: Could it be aerosols?



| We compared GCM runs with and without aerosol forcing to

i

| deduce the effects of anthropogenic aerosols

AWe used a low-resolution version of the CSIRO GCM with interactive aerosols
( 1 Mk 3 foaghly 5.6 x 3.2 with 18 vertical levels

Alnteractive aerosols are sulfate, organic carbon, black carbon, mineral dust and
sea salt (11 prognostic variables, diagnostic sea salt)

AThe eight-member ALL ensemble (1871-2000) includes all the substantial
radiative forcing components from IPCC (except land-use change)

AThe eight-member AXA ensemble is identical, but holds the sulfur and
carbonaceous-aerosol emissions at their 1870 levels

AWe al so did an ensemble in which onl
allowed to change from their 1870 levels (ASIA ensemble)

AThe global-mean aerosol forcing (1870-1990) is -1.2 W m™
AlIndirect effects -0.8 W m
ADirect effects -0.4 W m2

ATotal aerosol forcing agrees well with the IPCC (2007) best estimate

More details in Rotstayn et al., JGR, 2007




The ALL ensemble gives a better simulation of global-

mean temperature change after 1950
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Near-surface temperature change relative to 1871-1900 mean. Observations
are from HadCRUT2 (Jones and Moberg, 2003; Rayner et al., 2003)



Trends in anthropogenic aerosol optical depth are

dominated by the Northern Hemisphere

ALL trend in 550nm small aerosol optical depth 1951-1996 (century)!
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A We analyse the period 1951-1 996 (t o maxi mi se the e]
aerosols in the model)

ALarge aerosol loading over Asia changes the temperature gradient
between Asia and Australia (opposite effect of greenhouse warming)



The summertime rainfall trend pattern is improved overall

In the ALL ensemble

[
(a) 1951-1996 observed DJF rainfall trend (CRU TS 2.1)
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(b} 1951-1996 DJF rainfall trend from ALL ensemble

DJF seasonal rainfall
trends in mm/century

20S

30S

408} . l

120E 130E 140E 150E 120E

{c) 1951-1996 DJF rainfall trend from AXA ensemble
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(d) 1951-1996 DJF rainfall trend from ALL minus AXA
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Aerosol forcing makes the simulated monsoonal winds

over the Indian Ocean flow more towards Australia

ALL ensemble-mean trends in near-surface winds  AXA ensemble-mean trends in near-surface winds
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1951-1996 near-surface wind trends in m/s/century.

AThis effect is present in both DJF and JJA seasons (not shown today)

ACan be related to zonally averaged trends in surface temperature and sea-
level pressure over the Indian Ocean sector



A sensitivity test confirms that Asian aerosols cause the
northwest-Australian rainfall increase (in the model :)
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annual rainfall trend in mm/century

The (eight-member) ASIA ensemble is like the ALL ensemble, but it holds
anthropogenic aerosol emissions outside Asia fixed at their 1870 levels



“;f Aerosols change inter-hemispheric ocean heat transport, which alters

' the north-south temperature gradient in the Southern Hemisphere

(K century
8)

1 cm s century?

Shown is difference in trend from ALL minus AXA (Cai et al., GRL, 2006)

AThe suggested mechanism is via an aerosol-induced strengthening of the
Atlantic Ocean overturning circulation (not Asian aerosols)




