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What Is on earth the net impact of aerosol & precipitation?
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A lot have been done concerning aerosol’s impact on
rainfall, but little is known about the NET IMPACT

Observation
studies
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studies




Primary Theoretical Mechanisms of Aerosol’s Impact

on Cloud & Precipitation

» Aerosol microphysical effect (e.g. Twomey):

Reduce cloud Suppress Decrease
particle size coalescence rain probability

» Aerosol thermodynamic effect (e.g. Invigoration)

Warm rain Enhance Increase
suppressed ice processes rain probability

»\What Is the net, long-term, effect, if any ?
» What are their determining factors ?
>




ARM Datasets Used

Rain gauge (COZ2FIX: carbon Dioxide Flux Measurement System)

> 6 year data rain data.
» Resolution: 0.1mm

Rain gauge (SMOS: Surface Meteorological Observation System)

» 10 year data rain data
» Resolution: 0.25mm

Microwave Radiometer:

» Liquid water path
» Column water vapor

ARSCL: Active Remote Sensing of Clouds
» Cloud bases and tops

TSI condensation particle counter

»> condensation nuclear (CN) number concentration, use the measurements
made priori to rain to avoid rain contamination due to washout effect




A new paradigm to study the AIE: Top-down approach

. atmospheric dynamic thermodynamic
dictate cloud development and precipitation that
readily overshadow the subtle effect of aerosols.

Dynamic/thermodynamic Is a fast
process (white noise?) whose influences may be
washout for large enough samples

Examine all known physics from the data
to see If the signals stand out of noises

If aerosols have no discernible
effect for a large ensemble of data, why should
we be bothered ?




Overall Impact on Rainfall Frequency
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Overall, aerosol reduces the number of rainfall events by up to 50%
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1. For low LWP, rainfall occurrence is suppressed by aerosols (30-50%0)
2. For large LWP, rainfall frequency is increased by aerosols (50%0)

3. For moderate LWP, aerosols have little impact




The Effect of
10 years
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Aerosols have the strongest impact on convective
clouds, especially for the invigorated clouds!




Rainfall Frequency for Low
Base Clouds
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The invigoration effect depends critically on cloud base height!




The Effect of
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For low clouds (<1km), cloud thickness increases by a factor of 2!
For high clouds (>2km), cloud thickness is not affected at all!.



of aerosol’s effects on cloud development due
to phase change and water load/unload

— o Water Load c. Unload=0 Freeze unload
b. Water Unload d. load>=0 Freeze unload
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Rosenfeld et al. (2008, Science)



Effects of
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As raindrops fall out of cloud, buoyancy Is
Increased to fuel the cloud to grow further




Effects of
Frequency of Occurrence of Cloud Top Height:

Freezing level
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As CN increases, high clouds occurred more frequently but
low clouds occurred less frequently




Does Aerosol Affect Cloud Base Height ?
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Aerosols have absolutely no effect on cloud base height !
The ubiquitous flat lines attest to that the dynamic effects
are filtered out to help single out the aerosol effects




Can we find any other casual relation
Indicating CN as a proxy of other factors/effects ?
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 [ntroducing *“

" to gauge
among observations and models about the net
effects of aerosols on hydrology, just as we use
“cloud radiative forcing” or “aerosol radiative

forcing to gauge their net effects on energy



Argument : Aerosol Raditive Forcing (energy) is well-
suited for describing its impact on energy cycle, but it Is
Il-suited to describe aerosol’s effect on the hydrology
cycle. So, we need to introduce new index

Radiative forcing of climate between 1750 and 2005
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5 Aerosol Indirect Effects in IPCC(2001

\ Incident Top of the atmosphere

Surface
Increased CDNC Drizzle suppresion Increased cloud height Increased cloud lifetime Indirect effect
{constant LWC) Increased LWC (Pincus and Baker, 1994) (Albrecht, 19893) on ice clouds

“Twomey’’ effect + Contrails
L | L |

The "second™ indirect effect

=

g; A= Indirect effect

on ice clouds ”
and contrails

Top of the
atmosphere

Surface

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)
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Thinking inside the box (by scientists)

In theory, we may find
, as each effect represent a response of
to changes in aerosol,
In a of
atmospheric variability.

Caring outside the box (by the public)

1. What changes to the box — (greenhouse gases,
aersosol, land cover). Aerosol has only TWO forcing
mechanisms: Radiative and Microphysical Forcing

2. How does the box state variables response —
(temperature, precipitation, cloud, etc.)

Indices Measuring Forcing-Effect

1. Energy — Aerosol Radiative Forcing and Forcing Efficiency
2. Hydrology —



Aerosol Cloud Forcing Efficiency
AH/ACN, or AH/ACCN, AH/AAOD

Aerosol Rain Forcing Efficiency
AR/ACN, or AR/ACCN, AR/AAOD
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ARFE (ACFE) provides a common ground to compare the net
effect of aerosol on precipitation (cloud) between observations
and models & among models. ARFE can be determined from
observations of long duration, just as model can be run till
convergence. Both may vary with location/season, etc.




to see the map of the ACFE/ARFE
from observations and models and compare them.
Their regional & seasonal variations reveal not only
the NET impact of aerosols on cloud and precipitation,
but also dominance of underlying physics.




Global Atmosphere Models

Regional Atmosphere Models

Cloud Property and Aerosol Property
Process Models and Process Models

Lab Experiments Field Studies Lab Experiments




Conclusions

e The long-term, HQ and extensive measurements
help reveal the
for the first time.

* Provide
, and microphysical effects.

whose strength depends on
LWP, cloud height, cloud phase, precipitation,
convection, etc

o |f these findings are true, the total aerosol
Indirect effect should be less than current
estimate,
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The Effect of Rain Washout on Aerosol
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1. Ground-level CN is washout by rain
2. Use of simultaneous or semi-simultaneous CN misleads aerosol
effects



Theoretical Interpretation

* The cloud thickness for the onset of precipitation H*
Is a critical parameter (Rosenfeld et al., 2008)

« H*=C (N,)® generally increases with aerosol number
concentration.

e The relation between H*, the freezing level, and
cloud top H determines whether clouds are
Invigorated or suppressed.
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Conceptual model for aerosol invigoration effect:

Strong

Low High
CCN CCN

Low High
CCN CCN

T Drop size > warm rain threshold

| _ Low  High
Drop size = warm rain threshold CCN CCN

Drop size < warm rain threshold
Illustrated by Daniel Rosenfeld



Conceptual model: Cold base clouds:

Low High
CCN CCN

T Drop size > warm rain threshold
Drop size = warm rain threshold

Drop size < warm rain threshold
Illustrated by Daniel Rosenfeld



Conceptual model: Mild base clouds:

Very Very
Low High
20°C CCN CCN

T Drop size > warm rain threshold
Drop size = warm rain threshold

Drop size < warm rain threshold



Warm base clouds:

1. Large amount of supercooled
cloud water with large distance to
freezing level allows rainout in
pristine conditions.

409G enne 2. In high CCN concentrations early
warm rainout Is suppressed,

3. but drop size at the bottom of the
supercooled zone, which is large
distance above cloud base, Is

Conceptual model:

sufficiently large for fast freezing.

0°C ==

10°C.

20°C.

Low High Drop size > warm rain threshold
CCN CCN Drop size = warm rain threshold

Drop size < warm rain threshold



Strongest Long-term Net Impact of Aerosols on Cloud
& Precipitation is Revealed by the ARM Data
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Rainfall frequency is reduced by Cloud thickness/top increases with
aerosols for low liquid water parth aerosol concentration for low cloud
(LWP), but increased for large LWP. height (CBH), but nil for high.

The Twoemey Effect and Invigoration Effect are both at work !
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High base clouds

Cloud base

Freezing level

Surface

Clean conditions

Dirty conditions



100.00%

80.00%

60.00%

40.00%

20.00%

Percentage of Rainy Observations
for Clouds with High and Moderate
LWP

35.00%
y =-0.0036x + 0.2831

30.00%
25.00%
20.00%

y =-0.0021x + 0.0167
15.00% R?=0.7355

Rain frequency

10.00%

|
5.00% y =-0.0033x + 0.0926
R?=0.1194

0.00%
0-1000 1000- 2000- 3000- 4000- 5000-
2000 3000 4000 5000 6000

CN number concentration (/cm”3)

* LWP:»0.8mm
® LWP:0.4-0.8mm
LWWP:0-0.4mm

0-1000 1000- 2000-
2000 3000

R?=0.9255
?=0.3344
R?=0.8452

3000- 4000-
4000 5000

Percentage of Rainy Observations
for Cloud with Low LWP

5000-
6000

CN number concentration (fcm*3)

2.00%

4 LWP:>0.8mm
1.00% |® LWP:0.4-0.8mm
LWP:0-0.4mm

0.00%

35.00%

30.00%

25.00%

20.00%

15.00%

Rain frequency

10.00%

5.00%

0.00%

0-1000

y=0.0185x+0.1994
R?=0.7093

| |
y =-0.0065x + 0.1003
R?=0.1565

1000-  2000-  3000-  4000-
2000 3000 4000 5000

CN number concentration (/cm”3)

5000-
6000

2.00%

1.50%

1.00%

0.50%

0.00%

¢ LWP:>0.8mm
B LWP:0.4-0.8mm
LWP:0-0.4mm

10 year dat



	Slide Number 1
	Slide Number 2
	A lot have been done concerning aerosol’s impact on rainfall
	Primary Theoretical Mechanisms of Aerosol’s Impact �on Cloud & Precipitation
	Datasets
	Slide Number 6
	Slide Number 7
	Rainfall frequency
	Rainfall frequency all seasons
	Rainfall frequency for different CBH all seasons
	Cloud thickness all seasons
	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
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Conclusions 
	Can the finding of the impact of aerosol on cloud help resolve�an Outstanding Issue in Estimation of Global Aerosol Indirect Forcing ?
	Nature (Sep 24) Feature Article on AMF-China Mission
	Slide Number 27
	Theoretical Interpretation
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Strongest Long-term Net Impact of Aerosols on Cloud & Precipitation is Revealed by the ARM Data
	Low base clouds
	High base clouds
	Incomplete removal of washout effect caused by late rain detection of 10 year SMOS data

