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1900 1920 1940 1960 1980 2000

-14 12 9 -7 5 -2 0 2 5 7 9 12 14
% departure from 1961-1990
Figure 3.15. Latilude-time section of zonal average annual anomalies for precipila-
tion (%) aver land from 1900 to 2005, relative to their 1961 fo 1990 means. Values are

smoothed with the 5-point filter to remove fluctuations of less than about six years (see
Appendix 3.A). The colour scale is nonlinear and grey areas indicate missing data.
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Trend in Annual Precipitation, 1901 to 2005
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Aerosol Pollution Impact on Precipitation -
Scientific Review

The WMO/IUGG International Aerosol Precipitation Science
Assessment Group (IAPSAG)

Z.Levin - Chair
W. Cotton -Vice-Chair

Initial work was under the leadership of Prof. Peter Hobbs.

summary, plus personal perspective, by Gabor Vali
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Chairperson: Dr. George Isaac, Environment Canada

Name Affiliation Country
Ayers, Greg CSIRO Marine and Atmospheric Research | Australia
Barth, Mary NCAR USA

Bormann, Stephan Johannes-Gutenberg-University Germany
Choularton, Thomas University of Manchester UK
DeMott, Paul Colorado State University USA
Laboratoire de Météorologie
Physique/OPGC;
Flossmann, Andrea Université Blaise Pascal/CNRS France
Kahn, Ralph Jet Propulsion Laboratory USA
Khain, Alexander The Hebrew University of Jerusalem Israel
Leaitch, Richard Environment Canada Canada
Pandis, Spyros University of Patras Greece
Rosenfeld, Daniel The Hebrew University of Jerusalem Israel
Ryan, Brian CSIRO Marine and Atmospheric Research | Australia
Twohy, Cynthia Oregon State University USA
Vali, Gabor University of Wyoming USA
Yau, Peter McGill University Canada
Zipser, Ed University of Utah USA

9th WxMod Conf. - Forum, Antalya, October 2007 -- Gabor Vali




PRE A CE . rte0iy s oona it veseetinn sz s v A SUCRN R MU TSRS aTEL0 .. o . ool ot 6

EXECUTIVE SUMM AR Y e s s e e e e comeumatet e - o ¥z b Mt s o st F e ST TR 8
CHAPTER 1: INTRODUCTION

Lead Authors: Leonard A. Barrie, Ulrike Lohmann, Sandra Yuter ...........aaaaaaeaeaau........ 16
CHAPTER 2: PRINCIPLES OF CLOUD AND PRECIPITATION FORMATION

Lead Authors: William R. Cotton and Sandra YULEr ..............cueueeeneeecsneenssnenessneressnenene 31

CHAPTER 3: SOURCES AND NATURE OF ATMOSPHERIC AEROSOLS

Lead Authors: Meinrat O. Andreae, Dean A. Hegg, and Urs Baltensperger................... 69
CHAPTER 4: THE DISTRIBUTION OF ATMOSPHERIC AEROSOLS:

TRANSPORT, TRANSFORMATION AND REMOVAL

Lead Author: Sunling L. Gong & Leonard A. Barrie........eueeeneeecrnensevenuensneesaencsnenns 125

CHAPTER 5: IN SITU AND REMOTE SENSING TECHNIQUES FOR MEASURING
AEROSOLS, CLOUDS AND PRECIPITATION

Lead authors: Didier Tanré, Paulo Artaxo, Sandra Yuter, Yoram Kaufman................ 183

CHAPTER 6: EFFECTS OF POLLUTION AND BIOMASS AEROSOLS ON CLOUDS
AND PRECIPITATION; OBSERVATIONAL STUDIES

Lead Authors: Zev Levin, Jean-LOUiS BrenGUIET .....cuueeeesreresssaresssanesssasssssssssssasssssasses 259

CHAPTER 7: EFFECTS OF POLLUTION AEROSOL INCLUDING BIOMASS
BURNING ON CLOUDS AND PRECIPITATION: NUMERICAL MODELING
STUDIES

Lead authors: Graham Feingold, William R. Cotton, Ulrike Lohmann, Zev Levin...... 302

CHAPTER 8: PARALLELS AND CONTRASTS BETWEEN DELIBERATE CLOUD
SEEDING AND AEROSOL POLLUTION EFFECTS

LeaAuthorSWilliamRe GOIIEES: ... . o0 5000 i e casassicosssssuseassanss santuninsisussseasvuisive aazass 342
CHAPTER ;. o S U A i vsae o T vt s P4 s MWhns s 2 osssuassssnt? 364
CHAPTER IO RECOMMENDALLONS .. oo oaaariase s tenstiasconiananncsasssassasssssssasssnssanthn 371
APPENDIX: LIST OF ABBREVIATIONS USED IN THE REPORT ................ccu... 377
I 05351 4 DO 5 Y N e o o o TR e SRR e R TR T 381

9th WxMod Conf. - Forum, Antalya, October 2007 -- Gabor Vali



»
o
4

§ 0
- 201 NaCl 7
e
O e
= 10F -
é 0.8 - -
> 06} -
=
{‘IIJ 0.4 - — Theory -
E Experiment
a 0.2 + Allofs et al (1979) n
= == Hoppel (1979)
w
01 1 I B | i
10”7 10°
NUCLEUS RADIUS (cm)

from Pruppacher and Klett, 1997 (pg. 186)

9th WxMod Conf. - Forum, Antalya, October 2007 -- Gabor Vali

600

400

dN/dlogDp [cm3]

200

Particle Number Size Distribution

_— T

Fine particles

Coarse particles

Accumulation
mode

Mucleation
mode

Coarse mode

LB B LR | T >||l;1||| f LI LR | T T

10 100 1000 10000




»
o
4

T
S
- 20F Na_g-‘ .
Q
= 10F -
T 081 .
> 06+ -
}_-
< 0.4 |- — Theory ﬁ
E Experiment
a g2+ + Allofs et al (1979) n
L'::;J ’ == Hoppel (1979)
0.1 L TR T L ! 5 Particle Number Size Distribution
10”7 10° 10° |00 )} :
NUCLEUS RADIUS (cm) Fine particles Coarse particles
Aitken
from Pruppacher and Klett, 1997 (pg. 186) 800 /\ mode

The larger a soluble particle is, the lower is

the supersaturation at which it will become a §*

cloud droplet. The atmospheric abundance of
CCN varies with location, time, etc.

Coarse mode
—h.\““‘.—.-

T T TTTT T — |pl|r'~ ummans|
1 10 100 1000 10000
Dp [nm]

9th WxMod Conf. - Forum, Antalya, October 2007 -- Gabor Vali



CLtasD
AGE

: b ﬂ
gH 40 Sac 5 .
'i- ": )”\1- T3] a8 I: ey iy L\m a5 T
E tr o Bae b ﬂ‘
;| Gulf air| < purified air [
% 4500 cm3 s s 10 cm-3 _
/A N S N N 7/ LV VY P
2V =

L

|
\

o
160 Ead ||||II
@ ]

I

]
]

| L.Wi:ﬁﬁ

]

droplet diameter (um)

9th WxMod Conf. - Forum, Antalya, October 2007 -- Gabor Vali

10 s

40 s

70 s

100 s

130 s

160 s

190 s

Gunn, R and B. B. Phillips, 1957: An
experimental investigation of the effect
of air pollution on the initiation of rain.
J. Atmos. Sci., 14, 272-280
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anthropogenic CCN dominate, specially in NH
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Figure 3-6. a) Total zonal annual-mean cloud condensation nuclei (em” STP{1013hPa,
273.15K}) as simulated by the ECHAMS-HAM aerosol model. CCN are defined here as
hyeroscopic accumulation and coarse mode aerosol particles. Change in CCN due to the
omission of b) carbonaceous emissions from fossil-fuels and industry, c) sulfur emission from
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1. Source of the aerosol matters
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3. Effects on precipitation are sensitive to detail

b) BH94 — DJF
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). Geophys. Res., 112, — T ]
D03212,doi:10.1029.2006D0071 14 -2 =1 =05 0.5

Figure 6. Spatial distribution of seasonal precipitation change (10 mm month™ '} in DJF and SON from
second indirect effect only experiments using the TORD and BH%4 schemes: (a) TCE0 — DJF, (b) BH94 —
DJF, (¢) TCROD — SON, and (d) BH%4 — SON. Note different scales.
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Expectation is that polluted clouds develop less
precipitation via the coalescence process. This results
from larger droplet concentrations, smaller cloud droplets
and slower development of large drops while the clouds are
getting diluted and may be dissipating.
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Expectation is that polluted clouds develop less
precipitation via the coalescence process. This results
from larger droplet concentrations, smaller cloud droplets
and slower development of large drops while the clouds are
getting diluted and may be dissipating.

Evidence for the connection between sub-cloud aerosol
(CCN) and droplet number and size is fairly solid from both
in situ, remote sensing measurements and form models in
maritime boundary layer clouds.

SOCEX: Boers et al. 1996, 1998
ACEZ2: Snider et al. 2003
DYCOMS: Twohy et al. 2005
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Expectation is that polluted clouds develop less
precipitation via the coalescence process. This results
from larger droplet concentrations, smaller cloud droplets
and slower development of large drops while the clouds are
getting diluted and may be dissipating.

Evidence for the connection between sub-cloud
aerosol(CCN) and droplet number and size is fairly solid
from both in situ and remote sensing measurements in

maritime boundary layer clouds.
SOCEX: Boers et al. 1996, 1998
ACEZ2: Snider et al. 2003
DYCOMS: Twohy et al. 2005
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Even in marine Sc, the evidence for
precipitation decrease at the ground as a
result of increased CCN content is elusive.
Additional factors become significant: cloud
depth, temperature, stability, etc.

9th WxMod Conf. - Forum, Antalya, October 2007 -- Gabor Vali

28



It isn't possible to ideally separate the impacts of
aerosols on cloud microphysics and precipitation
from:

@ coincident alterations of dynamical,

thermodynamical and other factors,
@ direct, and semi-direct aerosol effects, with

their associated changes in dynamics and hydrology,
@ feedbacks resulting from the indirect effects.

As a result, the search continues to isolate causes
and quantify the outcomes in the empirical data, and
in models.
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Other potential aerosol impacts on ‘'warm rain

@ GCCN (giant CCN) accelerate coalescence

etc., efc.
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Urban precipitation anomalies:
roughness, convergence
heat island
aerosol pollution

IPCC AR4WGI Ch.3

van den Heever and Cotton, 2007
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Urban precipitation anomalies:
roughness, convergence
heat island

aerosol pollution
IPCC AR4WGI Ch.3

- — van den Heever and Cotton, 2007
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in timing of precipitation as a
result of changes in storm
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Fig. 1. Kinetic energy of 2,269 point hailfalls in the Midi
Pyrenees region from 1989 to 2006 according fo the day
of the week. The curve is hand drawn.
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water drops freeze at different temperatures, depending
on the ice nuclei (IN) they contain
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Nakaya, 1954
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ice particles in the atmosphere develop in many different
forms - a significant complication in observation and modeling
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Source: Korolev et al., 2003 (Quart. ). Roy. Meteor. Soc.)
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Fraction of liquid clouds
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Source: Gultepe et al., 2001 (Int’l J. Climat.)
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transition to ice at flight level
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With few exceptions, there is no reliable way to
predict ice concentrations in clouds from aerosol
or ice nucleus measurements.

This is a major missing element in cloud and
climate models. Here, fundamental understanding
of processes is the problem, even before the
complexities introduced by other factors are
considered.
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| IAPSAG recommendations:

Series of international projects and workshops:
e Better characterization of aerosols:

» emission inventories
» chemical processes, physical properties and
instrumentation

e The effects on clouds and precipitation

Immediate action items:

CCN measurements at monitoring stations

IN and ice particle measurement strategy
workshop on aerosol effects on orographic clouds
modeling workshop

generate global data sets

develop statistical tools

WMO web page
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cloud seeding &——¢
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aerosol impacts
on precipitation
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aerosol impacts

onh precipitation
® known aerosol type: ® mixtures of aerosols
hygroscopic or ice nucleating ® gaseous pollutant also present
[
®

cloud seeding &———@

® point or line sources widespread sources
® “static”’ or “dynamic” seeding no randomized design
® convective clouds

® orographic clouds ® |arge, continuous sources
® decades of research ® new installations
® target/control designs e weekday/weekend comparisons
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same basic physics, similar observational and
modeling challenges, similar societal issues

cloud seeding &———@

® known aerosol type:
hygroscopic or ice nucleating

® point or line sources

® “static” or “dynamic” seeding

® convective clouds

® orographic clouds

® decades of research

e target/control designs
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iImpacts

oh precipitation
® mixtures of aerosols

® gaseous pollutant also present
o

[

widespread sources
no randomized design

® large, continuous sources

® new installations
e weekday/weekend comparisons
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same basic physics, similar observational and
modeling challenges, similar societal issues

iImpacts

cloud seeding &———@ T
on precipitation

® kr
hy same pitfalls of rapid judgments and inadequate I.esent
e pc rigor in the scientific work: same exposure to

® “si political pressure

.CC—-—-—-—-—-—-—-——_

® orographic clouds ® large, continuous sources
® decades of research ® new installations

® target/control designs e weekday/weekend comparisons
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same basic physics, similar observational and
modeling challenges, similar societal issues

iImpacts

cloud seeding &——0 T
on precipitation

® kn
hy same pitfalls of rapid judgments and inadequate

e pc rigor in the scientific work: same exposure to

® “si political pressure
°c

® orographic clouds ® large, continuous sources

Odecades"‘““““-- - NNIIUN | Wr——
e target/cc same needs for inventive thinking, for the use
- of evolving technical possibilities, for the

~education of young scientists
1
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| e s

 Greater difficulties:

| . .

@ mixture of many aerosol sources vs. single agent

@® change in aerosol composition downwind

@ no randomization possible

Advantages:

@ continuous sources (paper mills, ...)

|
| @ effect of new source may be contrasted with

historical record
@® day of week variation may be explored
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- Examples of problems where immediate efforts
overlap:

@® measurement of precipitation
ice nucleus measurements
remote sensing of cloud structure

model development

discussion of concept and realization of “proof”
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