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Motivation

Doees cloud fraction & liguid Water path Increase with
deresels?

(1) Satellite and analysis of cloud fraction; using AERONET;
ORSENVations show: that cloudifractioniINCreases With
aergsols; pUt glehal climate moedel results, do net shew
thisz.

(2) Liguid water pathiis expected te Increase: Witih aeresols
(209 aerosol indirect effect); but olservations do not
always support thist.

1. Kaufman et al., PNAS, 2005; 2. Lohmann et al., GRL, 2006;
3. Albrecht, Science, 1989:; 4. Ackerman et al., JAS, 2000.
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The ACE-2 took place: from 16 June te: 24: July,
1997, over: the sub-tropicall nertheast Atlantic
(29.4N; 16 7AN).




Clean case: on June 26, ACE-2 area was
the control of a cyclone.
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Pollutedl case: oni July 9, ACE-2 area Was URder
the influence ofi the Azores HHigh.
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ACE-2

o) cases: Clean Vs, Polluted

Clean
(June 26)

Polluted
(July 9)

air maritime

Aerosols N, (cm3) 218
Sulfate(ug/m®) 0.2

continental

636
2.8

Meteorology system cyclone

subsidence weak
W (cm/s) -0.08

Azores High

strong
-0.43

Ref. Vverver et al. 2000; Brenguier et al. 2000; Guibert et al. 2003; ...



ACE-2, base case
Model & simulation set-up

(1) A cleudfreselving moedel, ATHAN, was used.

(2) ECMWE reanalysis data was Used te) initializerand
diive ATTHAM.

(8) 48-hr simulationsyhave een cenducted, only the
last 24" rs, results were analyzed.

ATHAM: Active Tracer High resolution Atmospheric Model;

ECMWE: European Centre for Medium-Range Weather Forecasts.



Base case: clean

Thermo-dynamic profile ofi clean case at 12 LS

June 26 (clean)
(a) Pot. Temp. (K) (b) Spec. Humidity (g/Kg)
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Base case: clean
Cloud profile of clean case from 13 LST - 15 LST

Model
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Base case: polluted

Thermo-dynamic prefile ofi poliuted case at 12 LS

July 9 (polluted)

(a) Pot. Temp. (K) (b) Spec. Humidity (g/Kg)
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Sensitivity tests

(a) Cloud fraction (%) (b) In-cloud LWP (g/mz)
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Sensitivity tests
Cloud top entrainment

Relative humidity (RH)

(a) Clean Met. (June 26)

Clean Met:

polluted aerosol
1500

Height (m)

___clean aerosol

12
time (h, LST
Polluted Met: ad )

polluted aerosol | | Under the ‘Clean Met.”, higher
__ clean aerosol | ' entrainment of dry air with the
| | ‘polluted aerosol’ helps remove
i cloud water; and leads to lower CF
Time (1, LST) & LWP (Ackerman et al., Nature,
2004).
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Sensitivity tests

Cloud top entrainment

Relative humidity (RH)

(a) Clean Met. (June 26)
2000
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Polluted Met: (b) Polluted Met. (July 9)
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Sensitivity tests
Cleud top entraimment & large-scale subsidence ()

_ Cloud top growth rate
Cloud top height IAZyq 1op )/ DY (ci/s)

Clean Met:
(W=-0.08 cm/s) Clean Met. | polluted aerosol

polluted aerosol ™ e clean aerosol

__clean aerosol ] Polluted polluted aerosol
" Met. clean aerosol

ght {m)

He

Polluted Met:

(W=-0.43cm/s)

Under the ‘Polluted Met.’, strong
subsidence masks the difference of
by D(Zcld_top )/ Dt between clegn _and
polluted aerosols; and leads to similar
CF & LWP for clean and polluted cases.

polluted aerosol

___clean aerosol




Sensitivity tests

Radiative forcing (TOA, W/m?)

Cloud optical depth

{a) Clean Met, {June 26)

Clean Met:

Clean Met. |-24.8 14.6 | pollted aerosol

___clean aerosol

Polluted Met. | -17.8 -0.5

Time (h, LST)
{b) Polluted Met. {July 9)

polluted aerosol

___clean aerosol

Time (, LST)




Conclusions

1) The strength of the large-scale subsidence, as well as RH
above clouds, plays an important role in the response of
CF & LWP to an increase in aerosols. Weak subsidence
can lead to a decrease in CF and LWP and a positive

second Iindirect effect.

2) Nevertheless, a positive second AlE does not overwhelm
the negative first AIE. It can decrease the magnitude of
total AIE, but is unlikely to change the sign of the total AlE.

CF: cloud Fraction; LWP: Liquid Water Path;

RH: Relative Humidity; AIlE: Aerosols Indirect Effect.




Euture Work

Use: cloud reselvingl model te examine
etiher cases sampleadl by ARN studies.

Examine the freguency: ofi meteoerelogical
conaitiens that might leadl o positive anad
negative 2nd AlE:
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