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I. Introduction

Funds are requested from the National Sciencq‘Eéundation fof the
second year of a three year grant (ATM-8600888) to the Gaéorgia Institute of
Technology entitled, "The Chemistry of Clouds and ItszQle in Atmospheric
Chemical Cycles". A brief description of the accomplishments attained
during the first year of the granting period, the proposed areas of study
for the second year, and the budget for the second=y§§r are presented
below. ’ |
II. First Year's Accomplishments

The effort for the first year of the granting pérédd has focussed on
four major areas. The first of these has been on the:hevelopment and
implementation of parameterizations designed to si@ugéte wet-chemical
processes in 3-dimensional, Global Chemical Trap;bﬁrt Models. A
preliminary investigation using the NCAR CCM was comple&eﬁ and the results

of this study were reported in Giorgi and Chame;?“‘ (The Rainout

Parameterization in a Photochemical Model, J. Geophys;?haaf, 90, 7872-7880,

1985); it was found that the wet-removal lifetime fgféﬁ soluble gas or
aerosol is critically dependent upon the specific cﬁ;rééﬁeristics of the
precipitation events as well as the species' verticaliﬂiﬂiribution. The
results of this study suggested a possible resolutioﬂ ﬁo a long-standing
controversy concerning aerosol lifetimes in the atmosphere. (For more

details on this study the reader is referred to Appendi jI where a reprint

*is focussed on

incorporating the Giorgi and Chameides rainout-parametab zﬁtion as well as

of the article is attached). The current effo

a new washout parameterization into the GFDL Tracer Tr@ﬁap&rt Model; this

work is being carried out in collaboration with Drs. Levjjihd Mahlman.




Another area of investigation underway with support from NSF concerns
the coupled gas and aqueous phase chemistry of clouds. bur main effort in
this area at the present has been the extension of the Qin and Chameides
stratiform cloud model (The Removal of Soluble Specié; by Warm Stratiform
Clouds, Tellus, 38B, 285-299, 1986); to include below eloud chemical and
physical processes. The algorithms needed to simu{ate the physical
processes of evaporation of falling raindrops throughtaﬁ undersaturated
layer below the cloud have now been developed and we are currently working
on incorporating the relevant chemical processes into tﬁe qlgorithm. Mr.
Lin Xing, a student of Dr. Qin's from the Peoples Ré?ubiic of China has
recently joined our group as a graduate student andris-working on this
project. |

A third area of research has been focussed on an fhyastigation of the
dry deposition of soluble and reactive specles to wet?dovered surfaces
(such as a vegetative surface partially covered by déw). Preliminary
theoretical calculations have indicated that dependiﬁé?on the species'
solubility and reactivity, the effective dry depositioqﬁvéiocity can often
be controlled by the surface resistance rather than thé aehodynamic and
sublayer resistance (see Figure 1). This result can have important
implications for the removal of mass species of interest. rFor instance,
because the reactivity of dissolved Syy is determined by the concentration
of oxidants in the solution, the overall deposition velocity S05 to
dew-covered surfaces at night can often be determinedisyéﬁhe atmospheric
concentrations of species such as Hy0p and 03. These reSulég suggest that
for some species a comprehensive understanding of the dyy deposition
processes may require measurements of the chemical as wellyas the physical

state of the atmosphere.




A fourth area of investigation has focussed on the analysis of
chemical data gathered during the recent NASA GTE/CITE I:Field experiments;
this work was carried with funds from both the subject NSF grant as well as
funds from a NASA grant. Efforts in this area have fésulted in the
publication of two papers; W.L. Chameides, et al., Net Ozone Photochemical

Production over the Eastern and Central North Pacific as Inferred from

GTE/CITE I Observations During the Fall, 1983, J. Geophys, Res., in press,
1987; An Estimate of the NOy Production Rate in Electrified Clouds Based on

NO Observations from the GTE/CITE I Fall, 1983 Field Operétion, J. Geophys.

Res., in press, 1987.
III. Research Activities Planned for the Second Year

Research activities for the second year of the granting period will
focus on: 1. The continued development of a one-dimensional model of the
chemistry and physics of a warm stratiform cloud; 2. The continued
collaboration with scientists at the Geophysical Fluid Dynamics Laboratory
aimed at Qeveloping parameterizations needed for a three~dimensional,
global Chemical Transport Model; and 3. The continued investigation of dry
deposition to wet surfaces; in the near term work wili fgcus on dew-
covered surfaces but it may be extended to dry deposition ﬁo intercellular
fluids inside selected plant species.

IV. Budgetary Matters

It is presently estimated that less than 10% of the funds granted to
Georgia Tech for the first year of the grant will be rémaining on the
anniversary date of the grant. A sum of $98,500 is redueéted for the
second year of the grant. These funds will include 25% éupport for the
Principal Investigator, Professor W.L. Chameides, as wéilias support for

Mr. Ron Lindsey, a meteorologist with expertise in boundary layer transport




I. INTRODUCTIGN
Funds are requested from the National Science Fouﬁdaﬁion for the third year of a
three year grant ATM-8600888 to the Georgia Institute;ofifechnology entitled "The
Chemistry of Clouds and Its Role in Atmospheric Chemiéa? Cycles." A brief
description of the accomplishments attained during thg second year of the granting
period, the proposed areas of study for the third yeai;ﬁénd the budget for the third

year are presented below.

II. SECOND YEAR'S ACCOMPLISHMENTS

The effort for the second year of the granting period has focussed on three major
areas. These areas are: 1. The study of wet and dry deposition processes and their
simulation in 3-dimensional, Global Chemical Transport iﬂddels; 2. An investigation

the roles of anthropogenic

of high ozone events in the Atlanta Metropolitan areaéaﬁd;
VOC and natural hydrocarbons in causing these events;ﬁﬁnd:3. An analysis of data
gathered during NASA GTE field operations.
A. Wet and Dry Deposition Processes

The study of wet and dry deposition processes has!pﬁﬁceeded along a number of
different lines. One of these research activities has ﬁéen concerned with the
extension of the Qin and Chameides stratiform model (iﬁ? Removal of Soluble Species
By Warm Stratiform Clouds, Tellus, 38B, 285-299, 1986)v€§ include below cloud
chemical and physical processes. Mr. Lin Xing a gradﬁaéa;student in our program from
the People's Republic of China, is working on this prqjéhﬁ and has successfully
extended the physics and thermodynamics of the model frqu%the cloud base to the
ground, including evaporation of falling raindrops and ﬁg;hout of soluble species.
One interesting application of the model that we have:been able to make is to study

the relative role of washout and rainout in removing doihﬁle species from the

atmosphere. The results of these calculations (as illustrated in Figure 1) indicate




that for moderately and highly soluble species, washout can represent an important,
if not the major pathway, for wet removal.

Another research activity in the area of wet and.ary:deposition has focussed on
the development and implementation of wet-chemical proc§35es in a 3-dimensional,
Global Chemical Transport Model. This work is being';aqried out in collaboration
with Drs. Levy and Mahlman at the Geophysical Fluid Dynamics Laboratory. Having
worked over the past two years on wet-chemical paraméferizations with the GFDL GASP
Tracer Transport Model, we are now making plans to mo§e £hese parameterizations into
the more powerful SKYHI GCM at GFDL. An offer has been made to a Ph.D. scientist to
join our group and work at GFDL on this project.

A third research activity in the area of wet andidry deposition has focussed on
the chemistry of dry deposition, a major removal pathﬁnj’for many important trace
species whose physics has been studied in detail but whose chemistry is poorly
understood. Over the past year work was completed on & study of Acid Dew and the
Possible Role of Chemical Reactions in the Dry Deposifioa?of Reactive Species to

Wetted Surfaces (J. Geophys. Res., 92, 11,895-11,908, 1967). Model calculations were

carried out to simulate the physical and chemical procgsﬁes responsible for the
formation of acidic dew over a nocturnal period. A poﬁénéi#lly important outcome of
these calculations was the finding that under some coﬁdi?ions the effective dry
deposition velocity for SO, can be affected by the chemiédl state of the atmosphere
including the SO, concentration itself. These results could have some significant
implications for the efficacy of proposed 502 emission-control strategies. The dry-
deposition calculations are now being extended to the study of the dry deposition of
ozone to the periplasmic water bathing the mesophyllic @eﬂis of plant leaves.
Preliminary results of these calculations suggest that ihe 1nitia1 chemical
interaction in the dry deposition of ozone to plant leayeﬁfﬁay actually involve an

aqueous-phase reaction with asorbic acid naturally preseﬂt‘in the plant's cell-wall




water. .

B. High-Ozone Events in the Atlanta Metropolitan Area¢ if
In spite of significant reductions in VOC em1ssions in the Metro-Atlanta area
over the past seven years, the area continues to have: problems with regard to oxidant
production during perlods of stagnation in the summergime and continually fails to be

in compliance with the NAAQS on ozone. To determine-ff the reductions in VOC
emissions have had positive impact on ozone production ié‘the Metro-Atlanta area, we

have developed an empirical method for determining thé amount of ozone produced in

Atlanta's urban center during summertime pollution evéhts. The method is described

in High Ozone Events in Atlanta, Georgia in 1983 and 198& (Lindsay and Chameides,

Env. Sci. Techn., in press, 1987). A trend analysis of the amount of ozone produced

in Atlanta over the past eight years has revealed thatc; ]t;he amount of ozone produced
is not positively correlated with the VOC emissions ih;the area (see Figure 2). The

results cause one to question the wisdom of continuingitémpursue a policy of reducing

VOC emissions at ever-increasing costs to the consumey’ qn these reductions have no

apparent ameliorative effect on ozone production in Aﬁfj‘ta and perhaps in other
cities as well. Work in this area is now focussing ongﬁstermining through model
caiculations why VOC emission reductions have, contraf§ g@ EKMA-model predictions,
not caused a reduction in ozone production; preliminarj‘¥éku1ts suggest that natural
emissions of hydrocarbons may play an important but hé;étéfore ignored role in the
ozone photochemistry of the city and as a result the system may not be very sensitive
to anthropogenic VOC emissions.

C. Diagnostic Analyses of Data Gathered During NASA GTﬁ ?igld Exercises
This area of study has focussed on the analysis oféhtgh resolution, multiple
species measurements made during recent NASA GTE fiela”e#periments; this work has
been carried out with funds from both the subject NSF jr#n; as well as funds from a’

NASA grant. Efforts in this area during the second yearﬁﬁf the granting period have




resulted in the completion of Ozone Precursors and Ozdns'Photochemistry Over the

b i *

Eastern North Pacific Ocean During the Spring of 1984 Based on the NASA/CITE 1

Airborne Observations by Chameides and Davis which haﬂ been submitted to the Journal

of Geophysical Research.

During the first two years of the granting periodixﬁa;following papers have been
published or completed with support in part from thelfﬁﬁjgct NSF grant

Chamejides, W.L., Phofochemistry of the Atmospheric Aqngué Phase, NATO ASI Series,
Vol. G6, Ed. W. Jaeschke, Springer-Verlag Berlin Heiddihekg, 1986.

Chameides, W.L., Possible Role of NO3 in the Nightt1me Chemistry of a Cloud, J.
Geophys. Res., 91, 5331-5337, 1986. ,

Qin, Yu and W.L. Chameides, The Removal of Soluble Species by Warm Stratiform Clouds,
Tellus 38B, 185-229, 1986.

Giorgi, F., and W.L. Chameides, Rainout Lifetimes of ﬁiﬁhly Soluble Aerosols and
Gases as Inferred from Simulations with a General C1rculation Model, J. Geophys.
Res., 91, 14,367-14,376, 1986. H%;

Chameides, W.L., D.D. Davis, M.0O. Rodgers, J. Bradshaw. SH Sandholm, G. Sachse, G.
Hill and G. Gregory, Net Ozone Photochemical Producti@ Ober the Eastern and Central
North Pacific as Inferred from GTE/CITE 1 Observations;Dﬁwing Fall 1983, J. Geophys.
Res., 92, 2131-2152, 1987. o

Chameides, W.L., D.D. Davis, J. Bradshaw, M.O. RodgersuiﬂﬁlSandholm and D.B. Bai, An
Estimate of the NO, Production Rate in Electrified Cloqdﬁ Based on NO Observations

from the GTE/CITE 1 Fall 1983 Field Operation, J. Geopnxg‘rRes » 92, 2153-2156, 1987.

Chameides, W.L., Acid Dew and the Role of Chemistry in the Dry Deposition of Reactive
Gases to Wetted Surfaces, J. Geophys. Res. 92, 11 895*11 908, 1987.

Lindsay, R.W., and W.L. Chameides, High Ozone Events in Atlanta, Georgia in 1983 and
1984, Env. Science and Technol., in press, 1987.

Stickel, R.E., A.J. Hynes, J.D. Bradshaw, W.L. Chameidéa; and D.D. Davis, Absorption
Cross Sections and Kinetic Considerations of the IO Species as Determined by Laser
Flash Photolysis/Laser-Absorption Spectroscopy, J. Phys.vChem in press, 1987.

Chameides, W.L., and D.D. Davis, Ozone Precursors and Ozane Photochemistry Over the
Eastern North Pacific Ocean During the Spring of 1984 Basnd on the NASA/CITE 1
Airborne Observations, submitted to J. Geophys. Res., in ;gview, 1987.

III. RESEARCH ACTIVITIES PLANNED FOR THE THIRD YEAR

Research activities for the third year of the grantihg beriod will include: 1.




p

Continued development of a one-dimensional model the ché;istry and physics of a warm,
stratiform cloud; 2. The continued collaboration with scientists at the Geophysical
Fluid Dynamics Laboratory aimed at developing parameterigations needed for a three-
dimensional global Chemical Transport Model; 3. The conﬁinued investigation of the
chemistry of dry deposition to wet surfaces with emphasis on the processes involved
in the deposition of ozone to the periplasmic fluids of plant leaves; and 4. The
continued study of the characteristics and causes of oiope‘events in the Metro-

Atlanta area and other southeastern urban, suburban, and rural regions.

IV. BUDGETARY MATTERS

It is presently estimated that less than 10Z of the funds sent thus far to
Georgia Tech under the subject grant will be remaining on the anniversary date of the
grant. A sum of $102,200 is requested for the third year;of the grant. These funds
will include 25% support for the Principal Investigatof@;f:ofessor W.L. Chameides, as
well as support for Mr. Ron Lindsay a meteorologist, aéd?ﬁ?. Lin Xing, a Ph.D.
candidate in the Atmospheric Sciences Program. Suppofé %6; a Post-Doctoral scientist

to work at GFDL is anticipated from a separate NSF grant.
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Grant No. ATM-8600888

THE CHEMISTRY OF CLOUDS AND ITS ROLE IN
ATMOSPHERIC CHEMICAL CYCLES
Final Report
During the third and final year of the subject grant work continued on the development of
a one-dimensional model to simulate the chemistry and physics of warm stratiform clouds. We have
also continued our collaboration with scientists at the Geophysical Fluid Dynamics Laboratory at

Princeton University in the development of parameterizations for a three-dimensional global

Chemical Transport Model and work has continued on the investigation of the chemistry of dry
deposition to vegetative surfaces. The continued study of the characteristics and causes of ozone
events in the Metro-Atlanta area and other southeastern urban, suburban, and rural regions has
developed into a major ongoing project.

The following papers were published during the granting period:

1 Lin Xing and W.L. Chameides, Model simulations of rainout and washout from a warm
stratiform cloud, J. Atmos. Chem., 10, 1-26, 1990.

2. W.L. Chameides, D.D. Davis, G.L. Gregory, G. Sachse, A.L. Torres, Ozone precursors and
ozone photochemistry over the eastern North Pacific Ocean in spring based on' the
GTE/CITE 1 airborne observations, J. Geophys. Res., 94, 9799-9808, 1989.

3. W.L. Chameides, The chemistry of ozone deposition to plant leaves: The role of ascorbic
acid, Environmental Science & Technology, 23, 595-600, 1989.

4. JS. Levine, C.P. Rinsland, W.L. Chameides, PJ. Boston, W.R. Cofer, IIl and P.
Brimblecombe, Trace gases in the atmosphere of Mars: An indicator of microbial life,
Reprinted from The Case for Mars I1I: Strategies for Exploration - Technical, Vol. 75, Science
and Technology Series, 277-282, 1990.

5. R.W. Lindsay, W.L. Chameides and J.L. Richardson, Ozone trends in Atlanta: Have
emissions controls been effective? J. Air Pollut. Control Asscn., 39, No. 1, 40-43, 1989.




10.

11.

W.L. Chameides, R.W. Lindsay, J.L. Richardson and C.S. Kiang, The role of biogenic
hydrocarbons in urban photochemical smog: Atlanta as a case study, Science, 241, 1473-1475,
1988.

R.E. Stickel, A.J. Hynes, J.D. Bradshaw and W.L. Chameides, Absorption cross sections and
kinetic considerations of the IO species as determined by laser flash photolysis/laser-
absorption spectroscopy, J. Phys. Chem., 92, 1862-1864, 1988.

R.W. Lindsay and W.L. Chameides, High ozone events in Atlanta, Georgia in 1983 and
1984, Environmental Science & Technology, 22, 426-431, 1987.

W.L. Chameides, Acid dew and the role of chemistry in the dry-deposition of reactive gases
to wet surfaces, J. Geophys. Res., 92, 11,895-11,908, 1987.

W.L. Chameides, D.D. Davis, M.O. Rodgers, J.D. Bradshaw, S.T. Sandholm, G. Sachse, G.
Gill, G. Gregory and R. Rasmussen, Net ozone photochemical production over the eastern
and central North Pacific as inferred from GTE/CITE 1 observations during the fall, 1983,
J. Geophys. Res., 92, 2131-2152, 1987.

W.L. Chameides, D.D. Davis, J.D. Bradshaw, M.O. Rodgers, S.T. Sandholm and D.B. Bai,
Brief Report: An estimate of the NO, production rate in electrified clouds based on NO

observations from the GTE/CITE 1 fall, 1983 field operation, J. Geophys. Res., 92, 2153-
2156, 1987. _

The following papers are in press:

1

W.L. Chameides, D.D. Davis, J.D. Bradshaw, $.T. Sandholm, M.O. rodgers, B. Baum, B.
Ridley, M.A. Carroll, G.L. Gregory, H.I. Schiff, D.R. Hastie, A. Torres and E. Condon,
Observed and model-calculated NO,/NO ratios in tropospheric air sampled during the
NASA GTE/CITE 11 field study, J. Geophys. Res., in press, 1990.

H. Berresheim, M.O. Andreae, G.P. Ayers, RW. Gillett, J.T. Merrill, V.J. Harris and W.L.
Chameides, Airborne measurements of dimethylsulfide, sulfur dioxide, and aerosol ions over
the southern ocean south of Australia, J. Atmos. Chem., in press, 1990.

C. Cardelino and W.L. Chameides, Natural hydrocarbons, urbanization and urban ozone,
J. Geophys. Res., in press, 1990.

The folowing graduate students are receiving, or have received, partial support from the subject

grant:

Carlos Cardelino Ph.D.
Lin Xing Ph.D.
Jiangfen Zheng Ph.D.
William Hutzell Ph.D.
Ira Leifer Ph.D.

Jennifer Richardson M.S.
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