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Forcers and Feedbacks in the Climate System
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“We propose that the difficulty in untangling relationships among the
aerosol, clouds and precipitation reflects the inadequacy of existing tools
and methodologies and a failure to account for processes that buffer cloud

and precipitation responses to aerosol perturbations.”
Stevens and Feingold, 2009, Nature



Critical Properties and Processes of the Aerosol-Cloud System
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“Uncertainty can be reduced if observations
can be used to constrain each term...”




First measurements of the Twomey effect using ground-based remote sensors
Southern Great Plains
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Closure Experiments: Optical depth and microphysical properties
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Reconciling ‘bottom-up’ measurements with model radiative forcing

Aerosol Indirect Effects Aerosol-Cloud Interactions
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Critical Properties and Processes of the Aerosol-Cloud System
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Uncertainty can be reduced if observations
can be used to constrain each term



cloud albedo

Cloud Radiative Properties 1997-2008
Southern Great Plains

rCRF

1.0

0.4

0.3

0.2

o JE—10.1

ooL .« . 1 [ \ [l 0.0

0.0 0.2 0.4 0.6 0.8 1.0
cloud fraction

4404

CRF

0.0

-50.0

-100.0

-150.0

—200.0

-250.0

-300.0

-350.0

-400.0

-450.0

-500.0

W M 48D

continuous, high resolution (1- min)
broadband surface irradiance observations:
e quality controlled (Long and Shi 2008)

» clear-sky estimated

» surface, cloud properties retrieved
(Long et al. 2000, 2006)

CRF = Feld - Felr

e simultaneous retrieval of cloud fraction,
cloud albedo, and relative cloud
radiative forcing (rCRF)

rCRF =a f

e assumption of single layer cloud

» error estimates used to scale cloud
albedo for neglect of cloud absorption

(Liu et al. 2010, Xie and Liu 2013)

Both long-term and detailed measurements required
for system understanding can only be gained from
continuous, ground-based measurements




Relative contributions of cloud fraction and cloud albedo to cloud radiative forcing

10T T T T L1 L B B 1.0 280
' Semi-Direct Effect/ j 0.85 . Control by g
— | X0 — :
0.8 Albrecht Effect o 0.8 meteorology ° ¥ 0.8- 240 _
i oo i . 200 &
0.6 Loes @ 0.6" 0.6 5
& b Iloso & & | & 160 2
° 055 § ° ° g
0.41 g 0.4+ 0.41 120 5
— 0.50 © — @
; 0.45 b o 80 3
0.2 B 0.40 0.2 B 0.2 20 ®
— 0.35 L°
0.0l | | | | 0.30 0.0l I | | | ] 0.0L. . . 0
00 02 04 06 08 . 00 02 04 06 08 10 0.0
cloud fraction 1.00 cloud fraction
1.0 T ‘ ‘ 095 1.0 A 1.0 240
- Twomey Effect 0.90 - Control by
r 1 [ o ‘@ Q
0.8F ol s 08 aerosol 081 20 a
I . s
o
7 8;8 o I 160 _
.70 2 i i
L 06r 1]oes g L O . 00 ¢
o 0.60 = & P x 120
S 3 O L Q c
g i 0.55 9 S o4l T o4l 3
0.4r 1H0.50 & il : g
I 0.45 ° 80 o
) Z
L o 1 0.40 I 5 3
0.2+ Mo.35 0.2r 0.2 0 .
i ° 11 0.30 Lo ]
0.0l — ggg 00 o v ] 000 . v v v ] 0
. L - L P | P T - n L - .
00 02 04 06 08 10 00 02 04 06 08 1.0
0.0 0.2 0.4 0.6 0.8 1.0 cloud fraction cloud albedo

cloud albedo

Quantifying relative contributions in different regimes
indicates the potential for various aerosol indirect effects
and differentiation of meteorological and aerosol drivers



Distribution of correlations: rCRF x Aerosol Index (surface)
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Highest positive and negative correlations: rCRF x Aerosol Index (surface)
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cloud fractions and cloud albedo are reduced
when aerosol concentrations increases
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Concluding Remarks

» the relative roles of aerosol and meteorological variables on cloud radiative forcing,
cloud albedo, and cloud fraction can be discerned using surface radiometry alone
» for this case aerosol optical depth better correlates with cloud properties than
aerosol properties at the surface

» understanding the relative contributions of cloud fraction and cloud albedo to cloud
radiative forcing can serve as an indication of specific aerosol-cloud processes
» the dominant control between cloud albedo and cloud fraction on cloud
radiative forcing depends on cloud fraction

» a normalized cloud optical depth index (by liquid water path) can be used as a proxy
for variability in cloud microphysical properties

» in the US Southern Great Plains:
» cloud radiative forcing and liquid water are positively related (more negative
CRF/more cooling)
» cloud radiative forcing and aerosol are negatively related (less negative
CRF/less cooling)
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Future directions

» test the chain of microphysical and I = N
dynamical processes in aerosol-cloud " GMD Observatories
interactions within the constraint of ; '
aerosol indirect effects quantified by
cloud radiative properties
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IPCC AR4

Top of the
\ atmosphere \ \

-
I

Fi
/
I
'
!

.

O ;’l "
OOOOO o© (0] s O
o ", 0® O
—_ e Indirect effect <« . .
onice clouds .
Surface and contrails
Scattering & Unperturbed Increased CDNC Drizzle Increased cloud height Increased cloud Heating causes
absorption of cloud (constant LWC) suppression. (Pincus & Baker, 1994) lifetime cloud burn-off
radiation (Twomey, 1974) Increased LWC (Albrecht, 1989) (Ackerman et al., 2000)
\ Direct effects } Cloud albedo effect/ Qaud lifetime effect/ 2" indirect effect/ Albrecht effey \Semi—dfrect effect/
15t indirect effect/
Twomey effect
cloud albedo )
cloud albedo + cloud fraction cloud fraction

Cloud albedo effect/

15t indirect effect/ + Qaud lifetime effect/ 2" indirect effect/ Albrecht effecy + \Semi—direct effect} e R F
Twomey effect

Reductionist Approach




IPCC AR4

o
7 L aorwe L

r
oo o / :
S HE . .
SO o ﬁ O Reductionist Approach
: — — Indirecteffect, s+ s s
. on ice clouds - .
Surface and contrails
Scattering & Unperturbed  Increased CDNC Drizzle Increased cloud height Increased cloud Heating causes
absorption of cloud (constant LWC) suppression. (Pincus & Baker, 1994) lifetime cloud burn-off
radiation (Twomey, 1974) Increased LWC (Albrecht, 1989) (Ackerman et al., 2000)

\ Direct effects } Cloud albedo effect/ woud lifetime effect/ 2"9 indirect effect/ Albrecht effety k Semi-direct effect }

15t indirect effect/
Twomey effect

IPCC AR5

Irradiance Changes from Irradiance Changes from
Aerosol-Radiation Interactions (ari) Aerosol-Cloud Interactions (aci)

\#
e

4
- .
Integrative Approach
i3 ™
i
It
ire e EI GE MM !H% He! me ﬂncluamg glac!aﬂon
__________________________________ & thermodynamic) Effects
Radiative Forcing (RFari) Adjustments Radiative Forcing (RFaci) Adjustments

Effective Radiative Forcing (ERFari) Effective Radiative Forcing (ERFaci)



rCRF /fraction/albedo

1.0

o
o0

0.6

o
~

o
N

0.0

Control of cloud radiative forcing: liquid water path and aerosol

0]

50 100 150
liquid water path g m™2

200

rCRF /fraction/albedo

1.0["
0.8r 1
| |
|
0.6 :I of "Ey ]
) | |
n
L | |
..
]
0.4 - " ]
| |
0.2r 1
0.0L ! ! ! ! I

55 60 65 70 75 80 85

aerosol index surface Mm~

1

rCRF /fraction/albedo

B rCRF

cloud fraction

B cloud albedo

0.8r b
m
06 " -E:' s
L .' . . -
m
- e
0.4r - m = 1
m
0.2t b
0.0 Lilininibinne i i,

0.100.110.120.130.140.150.16
aerosol optical depth




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20

