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1. Executive Summary

The Atmospheric Chemistry Division at NCAR conduesearch aimed at quantifying and
predicting the role of atmospheric chemistry in Heath system. This research is focused on
evaluating the effects of emissions, depositiaamgport, and chemical transformations on
atmospheric composition, as well as quantifyingptiog with the physical climate system
across a broad range of scales (process to glgk@l). is a leader in the development and use of
chemistry instrumentation in support of the scitieeds of a National Center and of the
community (particularly for aircraft-based obsefwas and satellite measurements), and also
develops and maintains state-of-the-art commumignastry modeling tools. These capabilities
are especially relevant to address future challeigked to population growth and economic
development, and climate change on regional ariohjkcales.

Priority areas for ACD:

1. Global and Regional Atmospheric Composition and Cinate
Human activities have perturbed the chemical contipasof the atmosphere at
local, regional and global scales. We seek to imptbe capacity of society to
predict atmospheric composition (air quality andnelte effects) on regional to
global scales through research on the underlyinggsses and interactions within
and among the atmosphere, the biosphere, andybsptrere.

2. Development of Community Resources
ACD has a heritage of leadership in atmospherieni$iiey measurements and
modeling. ACD has developed a critical mass of abehobservational
capability including aircraft, ground-based ances¢é measurements, which is
often provided as community-requested supportollaboration with University
partners, ACD also develops chemistry-transportcramistry-climate models
and applies them to study key scientific questmmsitmospheric chemical
composition and prediction, and climate simulation.

Imperative: Maintain cutting-edge research in quafting emissions, deposition, and
fluxes of natural and anthropogenic compounds arntakir chemical transformations in
the atmosphere. Quantify photochemical processirigh@se compounds through
measurements of free radicals, oxidation productedaaerosol precursors (and the
subsequent aerosol formation and growth). This rasgh involves a combination of
measurements, modeling and synthesis activities.

Action ltems:

1. Develop a quantitative knowledge of the processesralling trace gas fluxes
from natural sources, ranging from the emissioosftropical vegetation and
biomass burning, to exchanges of trace gases eattice and snowpack in polar
regions. Incorporate this information into emissanm chemical models, examine
impacts of these processes on regional and glaalspheric composition, and



develop predictive power regarding the evolutionthefse processes in future
climates.

2. Quantify emissions and fluxes of select VOCs, gino oxides, carbon monoxide
and oxidants from mega-cities and follow their tideppendent photochemical
processing into OVOCs, acids and other diverseymtsd Use chemical models
to determine impacts on local, regional, and hehasp scales. Evaluate the
regional and global chemical models with aircrgfgund-based, and satellite
measurements, and develop data assimilation meltmdr prediction of
chemical weather and long-range transport of patitg.

3. Quantify processes in the upper troposphere — Istvatosphere (UTLS) region
that determine the tropopause structure and UTt&position by analyzing the
STARTOS field experiment measurements and sateléta, and by planning the
Deep Convective Clouds and Chemistry (DC3) expantméssess the role of the
Middle Atmosphere in tropospheric climate by analgzsatellite, aircraft and
ground based measurements in combination with WACCM

Imperative: Maintain and develop chemical instrum&tion in support of the scientific
needs of the center and the community. In closelaobration with the outside
partners, continue development and application @ihemunity chemistry models.

Action ltems:

1. Maintain and improve existing state-of-the-art instentation that contributes to
our mission and goals. Develop new generationsifuments, including higher
resolution mass spectrometers (time-of-flight asltrap instruments) and a
faster time resolution aircraft VOC instrument. Defthe science, measurement
and instrument requirements for future atmosphasimposition satellite
missions.

2. Development of community models:

a. WACCM priorities: (a) extend the model upper bounyda represent the
thermosphere and ionosphere; (b) evaluate the ingdatifferent
convective schemes and model resolution on tropligaamics, including
the QBO; (c) test WACCM coupled to the CCSM oceadeh for use in
the next IPCC exercise.

b. CAM-Chem priorities: (a) include tropospheric hadogchemistry to
support the OASIS field experiment and other polemistry
observations. (b) develop improved physical-chehpoacesses (e.g.
photolysis, wet and dry deposition, and aerosohasey) to maintain
CAM-Chem as a state-of-science chemistry modeldégelop data
assimilation techniques for chemical and aerosséolations using
CAM-Chem/DART in collaboration with IMAGe.



c. WRF-Chem priorities: (a) develop improved parameégions for
secondary organic aerosol (SOA) chemistry and prtalo of NO from
lightning. (b) include the MOZART chemical mechanifr cross-scale
studies with CAM-Chem. (c) develop assimilatiorcbémical
observations into WRF-Chem using the DART framewark
collaboration with IMAGe.

Frontier: Quantify the influence of convectively pcessed megacity emissions on
regional to global scales

ACD will advance knowledge on the physical and cicahtransformation of polluted air
masses emitted from a large urban area and subljeceonvective uplifting. Knowledge
derived from the MILAGRO and DC3 campaigns willg@gaACD in a unique position to
address this problem.

Action ltem:

1. Plan and evaluate opportunities for a field studiyolv will investigate: the
transport and evolution of trace gases and aeresoilsed from mega-source
regions which are convectively transported to laghudes; the processing of
urban air in cloud droplets; feedbacks from chepcacessing and aerosol
emission and growth which can modify convection pretipitation. Potential
cities for study would be Mexico City (during thewseason) or large and rapidly
growing urban areas in India or south-east Asia.

ACD contributions to defining the Fabric of NCAR

ACD contributes to and defines the fabric of NCARadur major ways — by
providing intellectual leadership in the field dafrespheric chemistry; by
developing community resources (chemistry instruiaigon, satellite data, and
community models); by educating and training futgeeerations of scientists; and
by fostering collaborations among scientists insidd outside of NCAR.



2.

Introduction

2.1 Mission

The mission of the Atmospheric Chemistry DivisidrNCAR is (1) to understand the
chemical composition of the atmosphere, the preseisat maintain and modify the
composition, and potential changes that may résut natural and human induced
forcings; (2) to provide relevant information omaispheric chemistry to government
and society; and (3) to act as an intellectualuss®oand enabler to the wider
atmospheric sciences community through developimbpoviding measurement
capabilities and community chemistry modeling tools

2.2 Scientific scope and societal relevance

Rapid growth in population and economic developnagatprincipal drivers of global
change, including unprecedented changes in atmaspmnposition. Growing

industrial and transport activity and intensiveiagitural practices have resulted in
higher atmospheric concentrations of photochenag&lants, acidic gases, and aerosols;
it is now recognized that humans have perturbedleenistry of the atmosphere at local,
regional and global scales. For example, combuséted nitrogen oxide (NOX)
emissions and human-related increases of volatgaroc compounds (VOCSs) contribute
to increases in ground level ozone, which advera#cts human health (via lung tissue
damage) and crop productivity (via leaf damagejrdased concentrations of chlorine
and bromine compounds have upset the natural balinstratospheric ozone and have
resulted in polar stratospheric ozone depletiod,lang-lived compounds (methane
(CHA4), nitrous oxide (N20), chlorofluorocarbons [CE], and halons) released to the
atmosphere accumulate and significantly perturlralkéative forcing of the climate
system. Short-lived compounds (NOx, sulfur dioXig©2], VOCs) released to the
atmosphere contribute to the formation of inorgaamd organic aerosols, which cause
respiratory problems and influence radiative fogcboth directly and indirectly through
the modification of cloud properties and precipaat

Against this backdrop of societally relevant issuesearch on atmospheric chemistry
aims to develop a fundamental understanding optbeesses that determine the
composition of the atmosphere, to quantify linksameen atmospheric composition and
other physical components of the climate system,dmvelop the ability to predict future
behavior of the Earth system. The role of ACD as phthe National Center is to
provide broad intellectual leadership in atmosphehemistry research, support and
enhance the University research community, andigeorelevant information to
government and society. Support to the communitglires the development and
application of atmospheric chemistry instrumentatigatellite measurements, and
community chemistry models, together with intelledtieadership such as organizing
field campaigns or measurement intercomparisowities. The scientific activities in
ACD provide the necessary underpinning for scientiEsessments sponsored by the
Intergovernmental Panel on Climate Change (IPCQ)rld\Meteorological Organization



(WMO)/ United Nations Environment Programme (UNE&)d the U.S. Environmental
Protection Agency (EPA), and ACD scientists oftentcbute as leaders in such
assessment activities.

Atmospheric chemistry has matured greatly durirgghst decades, as much has been
learned about the global cycles of key atmospletr@nical species, and satellite data
have provided a wealth of information on globalisture and variability (including for
the first time several tropospheric constituen@&hbal chemical models can now
simulate the distribution of important troposphesfiemical species, and provide
simulations of future composition under differeaésarios. Furthermore, short-lived
radiatively-active substances such as ozone amd@lsrare now incorporated in many
global climate models. Stratospheric 0zone andatt changes are reasonably well
simulated in current models. However, as understgnoff the key elements of
atmospheric chemistry has developed, the horizenfoouses on coupling with different
components of the Earth system, such as the gledi@lr cycle, the biosphere and the
cryosphere. A key question is how atmospheric castjom will evolve in a changing
climate, and under the pressures of continued wipal growth and economic
development. Much of the future population growih @ccur in the tropics and will be
accommodated in megacities surrounded by intenstaemed agricultural zones that
will have replaced much of the tropical rainforast grasslands (and hence substantially
alter VOC emissions). There are also ongoing rap&hges in Arctic climate, including
strong warming and loss of sea ice, which may Isyeificant impact on atmospheric
composition.

2.3  Future Research: Observations, Modeling and Syinesis

ACD will continue to advance understanding in atpfesic chemistry from the
integration of knowledge gained from several foateas:

1. Process studies—Fundamental understanding of ckémechanisms involving
gas phase and multiphase systems, including ladrgrabhd sometimes small
targeted field studies of key chemical reactions.

2. Observations—Development and application of traa® gerosol, and radiation
measurement instrumentation to provide compreherdaa on atmospheric
composition and processing over a wide range dfaEnd temporal scales.
Development and use of satellite measurementsu@antgying global-scale
chemical structure, variability and trends.

3. Models— A hierarchy of chemical models, includinggess models to address
fundamental photochemical transformations, to negji@nd global chemistry
transport models which include coupling with othemponents of the Earth
System.



Activities in these areas are highly synergistiot €&xample, parameters determined in
process studies provide the input to regional obal chemical transport models, and
often suggest exploratory field studies. Advanceimstrumentation evolve from
techniques employed and developed in the laboraRegults from model simulations
may be used to identify key processes requirinthérrstudy, and model chemistry
forecasts are routinely used in the planning délfeampaigns. Finally, comparisons of
numerical model simulations with comprehensive measents of atmospheric
composition test basic hypotheses, and highlighs gaour understanding of
atmospheric processes.

The effective synthesis of cross-scale model argsmement information is at the heart
of ACD science. Traditionally, combining models artzservations has taken the form of
comparisons using model output sampled as clopesssble to the measurement
location (although this often involves a mismat¢ismatial scales). More recently, data
assimilation is providing a formal method of intagng models and data, with
application (so far) primarily to satellite measuments. One focus of future research in
ACD will be to develop improved tools and technisjie integrate cross-scale models
and measurements, including ground-based, airaraftsatellite observations.

24 Partnerships: the role of ACD within NCAR and te larger community

ACD has developed significant collaborations acid€#R Divisions and Laboratories,
and with the extended University community, and i@search activities are aligned with
other national and international research orgaionat Within NCAR, ACD scientists
and software engineers collaborate with the Clinaaig: Global Dynamics (CGD)
division on the relationships between atmosphdrenastry, biogeochemistry, and
climate and contribute to the Community Climatet€ysModel (CCSM). ACD
collaborates with the High Altitude Observatory (BAon the chemistry and dynamics
of the upper atmosphere through the developmeWWACCM. ACD scientists also work
with the Mesoscale and Microscale Meteorology (MMi)ision on air chemistry
modules for the Weather and Research ForecastiffjVihodel coupled with chemistry
(WRF-chem). ACD scientists and engineers work d¢josgth the Earth Observing
Laboratory (EOL) on the development of state-ofghence instrumentation and in
supporting community instrument developments argoyenents. ACD is also linked
with scientists from the Institute for Study of $#g and the Environment (ISSE) on the
societal implications of global change includingpamization, land use change, and
pollution transport.

ACD scientists partner with many of our universiblleagues on joint projects and field
programs, on integrated field campaigns organized®D, and on measurement and
model intercomparison exercises. ACD scientists piticipate in programs organized
by the National Aeronautics and Space Administra{MASA), the National Oceanic
and Atmospheric Administration (NOAA), and EPA. Tiesearch outlined in this
strategic plan enhances and supports the resefocts @f international programs,
including the International Global Atmospheric Chstny (IGAC) project
(www.igac.noaa.gov), and the World Climate Rese&gram (WCRP) Stratospheric



Processes and their Role in Climate (SPARC)
(www.atmosp.physics.utoronto.ca/SPARC/index.html).

2.5  Strategic Plan overview

This strategic plan has originated from analysie@& ACD strengths (including a
critical mass of observational capabilities andesgrstic use of state-of-the-art models)
overlap with current key questions in atmosphehienaistry, especially those of high
relevance to other activities at NCAR (for example components of the Community
Climate System Model, CCSM). Future research witls on topics falling broadly
under the scope of Global and Regional Tropospl@simposition and Chemistry-
Climate Interactions:

Global and Regional Tropospheric Composition
Biosphere-Atmosphere Interactions
Effects of Mega-Cities and Global Urbanization be Atmosphere
Chemical Weather

Submicron Aerosols: Linking Atmospheric ChemistyRublic Health and
Climate Change

Chemistry-Climate Interactions
Arctic Tropospheric Chemistry
Atmospheric Composition in a Changing Climate
Upper Troposphere — Lower Stratosphere (UTLS)
Middle Atmosphere

This Strategic Plan presents the scientific obyestiand key research priorities within
each of these themes, and also summarizes the sfate associated research tools
(chemistry instrumentation and models). It lays thet framework for addressing these
topics in terms of Imperatives (current activitibat are crucial to the ACD mission) and
Frontiers (areas of emerging opportunities andctives for new investments), and lists
specific action items within each theme. The suppejuired for achieving actions
within the themes is summarized in Section 6. IKINACD contributions to defining the
Fabric of a National Center are highlighted.



3. Priority Area 1: Global and Regional Tropospherc Composition

Tropospheric composition is changing at an unprecest! rate, primarily as the result of human
activity. The biosphere acts as a major naturalcsaf trace gases, particularly reactive VOCs,
and the strength and distribution of these souscbsing altered as a result of human-induced
changes to climate and land use. In addition, t#egdssions from anthropogenic sources
continue to increase as the result of populatiereiase and economic growth. These increasing
emissions, coupled with a growing trend toward arbpation, lead to severe air quality problems
in large urban centers, particularly those locatetthe developing world. Furthermore, it is
recognized that the effects of these urban ceetéends to regional and even global scales — for
example, ozone and aerosol levels in the westeitetl/States can be influenced by transport
from Asia.

Scientists in ACD have substantial heritage indttugly of tropospheric composition and related
air quality issues. Our approach to this reseaschulti-faceted, involving field observations
(both in situ and remote sensing), laboratory-bgsedess studies, and modeling efforts.
Community leadership is amply displayed, for exatplough the organization of major
intensive field campaigns (e.g. MILAGRO and BEACHRMrough the development,
implementation and use of satellite instrumentg. @IOPITT), and through the development of
community models for studying regional and globabaality. These projects our developed
with input from and in collaboration with the braadatmospheric chemistry community.

A major focus of current research is on the abtlitypredict future regional and global air quality
on decadal timescales. The development of thessbdiies will allow us to inform policy
makers regarding future mitigation and adaptatiostegies.

3.1  Biosphere-Atmosphere Interactions

The biosphere produces copious quantities of chrm@mpounds that are released into
the atmosphere where they exert an influence oonsghreric chemistry and climate. This
includes a major role in controlling organic aeradistributions and the oxidizing
capacity of the atmosphere. NCAR has a historgadérship in the investigation of the
role of organics and other chemical compoundsenbibsphere-atmosphere interactions
that link the biological, chemical and physical gmments of the earth system. This
research integrates field and laboratory measurear@hmodeling activities across
scales ranging from individual cells to the enki@th system. Past studies have included
intensive field campaigns in tropical, temperatd bareal regions and are now
increasingly focused on longer-term studies sudh@B8EACHON project. While
considerable progress has been made in past dethelkesare many outstanding
scientific questions associated with the influeotbiogenic emissions on aerosols and
clouds and on the oxidants that control the clesnsapacity of the atmosphere. Since
biogenic emissions are sensitive to climate anaspineric chemical composition, there
is a potential for significant feedback couplinjhaugh lack of a quantitative
understanding of key controlling processes limitis ability to accurately incorporate
these biosphere-atmosphere interactions into Egdiem models.
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3.1.1 Imperative: Continue as world leaders in atmgpheric biogenic organic
compound research, and strengthen our expertise iairborne flux
measurements, biomass burning emissions, and biogeisecondary organic
aerosol.

Observational capabilities are a critical requiraifer advancing biosphere-atmosphere
interactions science. ACD will maintain state-oédwt capabilities for measuring fluxes
of biogenic compounds as well as develop novetuns¢nts that will lead the
community toward a new generation of analyticalatalgies. ACD will also remain
leaders in regional and global scale emission nogleas these activities provide a
necessary mechanism for transferring our knowlgéddbe earth system modeling
community. ACD will also increase our efforts tgpfpthis research in the context of
regional air quality, weather and hydrological sésd

Action ltems:

1. Enhance our ability to experimentally quantify Kaggenic trace gas fluxes, via
the development of a state-of-the-art TOF-PTRM&dtdf-flight proton transfer
reaction mass spectrometer) instrument. Develdjoaie flux measurement
capabilities that are essential for providing teégional observations of surface-
atmosphere exchange; these are needed to evalades pnedictions and
guantify the complex interactions that occur oniaegl scales. This includes
collaborations with universities (e.g., Duke U.,Wyoming and Purdue U.) that
operate flux aircraft.

2. Continue our commitment to maintaining a stateheart biogenic emission
model and strengthen our efforts to provide biontasging emission estimates
that are widely used in atmospheric models.

3.1.2 Frontier: Explore opportunities to apply improved understanding of
biogenic emissions to problems of societal relevagc

Past research at NCAR and elsewhere has demouistineténportance of biogenic VOC
emissions into the atmosphere. Our improved undedstg of these emissions creates
opportunities to address three important applicetid he first includes informing urban
planning and policy decisions based on the potgnhagative impacts that can result
when these chemicals mix with urban air. Secondragotential benefits for forest and
agricultural managers to use biogenic emissioranasarly warning of impending
ecosystem stress. NCAR has led efforts to deteistseans of biological defense (e.qg.
terpenoids) and signaling (e.g., methyl salicylat@hpounds associated with ecosystem
stress in the real world atmosphere. This resegaiolform the basis for investigations
into the role of these compounds in agriculturaldarctivity, ecosystem health, and the
development of early warning systems for inseastdtion, drought, heat and other
stresses. Finally, existing NCAR expertise in eating biogenic VOC emissions can
provide a key component of a broader effort to ss$lee impacts of the production of
biofuels used for renewable energy. Proposed bligia@tations could extend over large
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areas and have the potential to significantly cleahg chemistry of the atmosphere and
other Earth system components. The associated tsypaald be assessed through a field
study focused on a large biofuel plantation comaia plant species (e.g., poplar) with
high biogenic emission rates that is expected tis&a@a major change in regional oxidant
and aerosol concentrations.

Action ltems:

1. Develop databases and a decision support systémwithanable urban planning
groups to develop strategies for urban landscathiagcontribute to the
optimization of urban quality of life.

2.  Establish partnerships with groups that have edesyand agricultural
management expertise and are interested in thefadtef chemical sensing of
ecosystem scale stress. Develop practical appredohearly warning systems
able to identify important ecosystems stresses.

3. Develop methods for providing accurate estimateab®tosts and benefits
associated with biofuel production and other rerdevanergy in the context of
ecosystem health and sustainability and regiongjueility. Conduct a field study
to determine the regional impact of a large biofulahtation (e.g., poplars).

3.2  Effects of Megacities and Global Urbanizationmothe Atmosphere

Understanding and anticipating the effects of iasegl urbanization on atmospheric
composition and processes is recognized as a wagmtific challenge, as half of Earth’s
population is already living in urban areas ang fraction is expected to rise sharply in
coming decades. Some of the largest megacitieewmwirge in the tropics, creating
hotspots of intense anthropogenic emissions wiielpaorly understood. ACD has been
active in initiating and pursuing research to sttieyair quality and photochemical and
physical processes in outflow from large urban sw&hese effects can be local (such as
the impacts of photochemical smog and particleswoman health, visibility degradation
and local weather), but also regional and globhatlisas impacts on radiative forcing,
clouds and precipitation, cultivated and naturalssstems, and the oxidizing capacity of
the troposphere).

3.2.1 Imperative: Exploit fully the MILAGRO dataset through data analysis,
model improvement, and the development of new assilation methods to
integrate satellite data.

ACD scientists initiated and led the Megacity Imigamn Regional and Global
Environments (MIRAGE) Strategic Initiative, whiahcluded the Megacity Impacts —
Local and Global Research Observations (MILAGRQOngaign, conducted in and
around Mexico City in 2006. This campaign, withgemational and international
participation, set a new standard for experimeytdldressing all the issues listed in the
introductory paragraph above.
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The data set collected during MILAGRO is curreriiging analyzed and a number of
new and scientifically important results have afigheen presented and published. A
report outlining preliminary findings has been met®d to the local government and
provides valuable input for policymakers to consiaitigation strategies. However, this
dataset has yet to be fully exploited and work neasitinue.

Action ltems:

1.

a)

b)

b)

Continue to analyze the MILAGRO data set with aovaus modeling effort,
specifically:

Assess uncertainties in emission inventories thnaugdel-measurement
comparisons, and determine relative contributioinsnthropogenic, biogenic,
wildfires, and biofuel combustion emissions to tegional air quality.

Improve the representation of chemical and phygicatesses in community
models (WRF-Chem, CAM-Chem) based on observatigsiag box models to
link the measurements to the 3D models.

Quantify secondary organic aerosol (SOA) formapoomcesses and improve
model representation of SOA.

Quantify feedback mechanisms between radiationbamnhdary layer structure.

Develop satellite validation and satellite dataragation techniques to ensure
more effective use of satellite data for air quyadihd megacity outflow
observation in the future.

Resolve discrepancies between measurements and pnedetions for radical
budgets, VOC formation and fate, and nitrogen oxskjuestration.

Synthesize the results from MILAGRO to provitie best interim assessment of
megacity impacts on the atmosphere.

Provide a scientifically sound assessmentefhjor pollution sources in central
Mexico, including the relative importance of traag@ation, industry, vegetation,
and biomass burning. Also provide an assessmeheafrban and regional
chemical regimes, particularly with respect to V@ NQ limitation. Such
scientifically sound information is essential foetdevelopment of effective
local-to-continental scale mitigation policies.

Use regional and global models to assess theatdi impacts of megacity

emissions, and assess likely feedbacks of chargjjmgte on urban and regional
air quality.

13



3.2.2 Imperative: To maintain a leadership role irnthe study of megacity impacts,
particularly by establishing research programs in Asian cities.

The two most rapidly growing agglomerations of n@ges are located in eastern China
and in India. ACD has established a relationshighthe Shanghai Meteorological
Bureau (SMB) focused on improved measurements arteling of the Shanghai region.
The SMB has a number of established measuremeiainstan and around the Shanghai
metropolitan area, and the ACD collaboration woltdis on developing a regional
modeling program supported by measurements, teeaddheir pressing air quality
issues. A ground-based measurement campaign withipation from a number of
groups in ACD is tentatively planned for 2010. A@B&s also established a relationship
with the Indian Institute of Technology in Mumbhidia. Along with one of our
University collaborators, (U. Miami), an initial pgriment aimed at gaining a basic
understanding of the emissions profile and air ipal Mumbai was conducted in early
2008, and a follow up study is planned in 2009.

Action ltems:

1. Continue collaborative relationship with SMB angbgart their efforts in
establishing a reliable measurement network.

2. Perform regional chemical modeling using WRF-Chentlie Shanghai region in
collaboration with scientists at the SMB.

3. Prepare and conduct a measurement campaign in Bdnafocused on
guantifying local ozone, NQVOC and aerosol behavior.

4. Incorporate this new east China regional knowleidge global models (e.g.
CAM-Chem), and evaluate with satellite observations

5. Use preliminary observations from Mumbai to evaduand improve model
simulations of India. Conduct follow-up study in Mbai to further characterize
the nature and distribution of emissions.

3.2.3 Frontier: Explore options for a major field ampaign as a follow-up to
MILAGRO.

Mexico City is a unique megacity because of ithhagiitude and distinct dry season. It
was chosen as the focus of MILAGRO, in part, topdiiy the chemical processing
expected in the absence of convection and cloudaeier, most rapidly growing urban
areas in the tropics and subtropics are affectestioyng convection for at least part of the
year, which changes the outflow patterns and ingtet long-range export of pollution.
Convective outflow also alters the chemical andsatal processing of the exported
pollutants via interaction with cloud droplets aod particles. In addition, the pollution
emitted from a megacity can alter the regional atenand the frequency and intensity of
convection itself, thereby introducing potentiadddack mechanisms. ACD will
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therefore consider a follow-up aircraft campaigramd around a megacity during the wet
season. This city could be in eastern China, plysSitanghai, which is probably the
most important region with respect to intercontiaitransport of anthropogenic
pollution. This will only be possible if the grovgrrelationship with the SMB results in
being able to obtain permission to fly over theatsee Shanghai metropolitan area. A
second option would be trying to obtain permissmfly over one or more of the
megacities in India, possibly Mumbai. A third optizvould be to return to Mexico City
during the wet season and take advantage of thel&dge we already have about the
area, its emissions and the specific compositiai@butflow.

Action ltems:

1. Use existing models together with knowledge gaiinech MILAGO to assess
key uncertainties in quantifying outflow from a naegy under convective
conditions.

2. Integrate knowledge from the planned DC3 (Deep @otiwn, Clouds, and

Chemistry) campaign.

3. With input from the atmospheric chemistry communéyaluate potential options
for a future focused megacity campaign.
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The Long Reach of a Megacity

Nitrogen oxides (NOx) catalyze the atmospheric pkmtidation of reactive carbo

(carbon monoxide, hydrocarbons, and other volatilganic compounds) and in the

process produce well known pollutants such as qzpesxides, acids, and secondary

aerosol particles. Today, about % of the global Né&wissions come from human

activities, especially combustion of fossil fuglsurban areas. The impacts of these ur
emissions on regional and global scales dependtatiyt on how quickly NOXx is

removed from the atmosphere. Over a few days, ate@nmeactions transform most fresh

NOx into either nitric acid (HNg) or peroxy acyl nitrates (PANs). HNGs soluble and

is eventually removed from the atmosphere by rditowever, PANs can remain in the

atmosphere for a long time, be transported by windsr large distances, and slow
release the NOx far downwind — in other words, PAs an effective chemical vehic
for exporting reactive NOx from urban to global lssa The relative formation of HNG
vs. PANSs in urban plumes has profound implicatifmmghe formation of ozone and oth
oxidants at large distances from the urban sowg®ns.

Not all urban plumes are similar. Figure 1 compale reactive nitrogen measured frg
aircraft downwind of New York City and Mexico Cityin the New York City plume, th
initial NOx is rapidly converted to HNOwith negligible production of PANSs, so th
after one day the NOx is only a few percent ofttital. In Mexico City, PANs formatio
is favored by the high amounts of hydrocarbons aigh altitude (relatively cold
outflow. The Mexico City plume contains large amtsu of PANs which slowly
decompose and sustain larger amounts of NOx (dp% of the total). This means th
the larger NOx in the Mexico City plume can catalythe production of oxidants ar
aerosols for many days downwind of the city.

Figure 1: Fraction of total reactive nitrogen (NOyresent as nitric acid (HNO3), organ
peroxy acyl nitrates (PANs), and nitrogen oxide®xXN for measurements in and downwind
New York City (left) and Mexico City (right). Tbtaactive nitrogen is defined as NOy = HN(
+ PANs + NOx + other measured reactive nitrogen poomds.
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3.3 Chemical Weather

Chemical Weather (CW) analysis and forecastingaseiasingly being explored as a
melding of modeling and observations via data ataiion to provide a capability for air
guality analogous to that currently available fagather. Chemical data assimilation
provides a formalism for merging data and model#) application for initializing
analysis and forecast models, improving emissitimeses, and quantifying systematic
model biases. The integration of satellite datac@ntrast with surface observations) is
only now being examined by the GEMS/MACC projecEurope (which is the most
developed CW initiative to-date). There is no eqlent US initiative.

3.3.1 Imperative: Develop the scientific capabilitghat would form the framework
of a future CW system for the US.

A CW system capability has numerous uses for begkarch and applications, including
improving emissions and model parameterizationsese providing forecasts for
research missions or regional air quality, and ¢jfiang long-range transport. In
addition, a CW system can provide input to healiisories and air quality regulation
and decision-support tools with application in egliural management.

Action ltems:

1. Continue integration of satellite observations witbdels through data
assimilation for CW and air quality analysis anddiction (in collaboration with
IMAGe).

2. Provide support for community and ACD-led field gaaigns (e.g. MIRAGE,
OASIS, BEACHON, DC3 and ARCTAS), including chemit@alecasts, model
evaluation and interpretation of observations.

3. Continue participation in UNEP/HTAP and other iniional model inter-
comparisons aimed at improving the characterizabicsat mospheric chemistry
and long-range transport.

4. Use observation system simulation experiments (@p &I instrument
specification and quantifying the potential impattuture satellite measurements
on air quality prediction.

5. Provide input to national and international plamgnattivities to define future
satellite missions for atmospheric composition.

3.3.2 Frontier: Maintain and further develop our leadership in remade sensing
measurement science and data interpretation.
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The use of current satellite data in CW will hedpntify priorities for future observations
at a time when NASA is working to define the requients for the GeoCAPE
geostationary satellite mission that will targehaspheric composition and air quality.
NCAR involvement in GeoCAPE is most likely the bepportunity for the organization
to maintain its leadership role in future sateliitéssions.

Action ltems:

1. An atmospheric composition satellite data-gap asrlimg in the USA. Our current
NASA EOS missions are maturing, the NPOESS missitirhave limited
capability to study air quality, and the next geien NASA missions have yet to
be fully defined. We will fill this gap by develapg capability to process
atmospheric composition data from the European N&t&5I instrument (in
collaboration with CNRS and EUMETSAT).

2. Define the science, measurement and instrumentrezgents for the NASA
Instrument Incubator Program Compact Imaging SpeRadiometer (CISR)
carbon monoxide instrument now being considerechadidate technology for
the GeoCAPE mission.

3.3.3 Frontier: Develop new techniques to better tegrate measurements with
models.

The effective synthesis of cross-scale model angsorement information is at the core
of much of NCAR'’s science. Observations are theslias discoveries. They are utilized
to form hypotheses that can be tested with motelssubsequently spawn ideas for
further measurements. The observations that acktossonstrain CW forecasts span
spatial and temporal scales ranging from sparsengltbased monitoring data, through
aircraft measurements made during intensive fialthgaigns, to long-term global
retrievals from satellite platforms. The integratiof these diverse inputs with model
simulations, taking full account of the inherendifferent measurement resolutions,
presents significant challenges.

Action Items/Goals:

1. New capability is required to move past the singdenparison of new
measurements with corresponding model represen&at®CD will explore and
develop data assimilation tools to take the nesph sff effectively combining
information across spatial and temporal scales thighaim of providing a unified
understanding with predictive tools.

2. Develop tools that will aid in defining the tracdap matrices that link science
guestions onto measurement and instrument requintsmehis will benefit the
development of new in-situ instrumentation, infosatellite mission design, help
optimize field campaign observing strategies, amyide a tool for model
evaluation.

18



3.4 Submicron aerosols: Linking atmospheric chemisy to public health and
climate change.

Atmospheric aerosols are directly emitted from asplogenic and natural sources and
are formed in the atmosphere by the condensatidowsfolatility vapors. They
participate in a number of important atmosphermcesses such as heterogeneous
chemistry, cloud formation, precipitation, and geattering and absorption of solar
radiation. Submicron aerosols have been implicate@rious health effects. For these
reasons, understanding and predicting the formati@hevolution of atmospheric
aerosols is an essential and timely research obgeitir NCAR.

Imperative: Continue the leadership role of ACD inthe study of aerosols and their
impacts on air quality and climate.

Aerosols impact climate directly by the scattermgabsorption of radiation, and
indirectly through the modification of clouds anek@ipitation. The magnitude of these
effects remains the single largest source of uac#st in our understanding of climate
change. Current NCAR research includes studyingsad¢formation and growth,
biogenic sources of aerosols and their feedbacltsalimate, process-scale and regional
modeling of organic aerosols, and the role of adsoi® the atmospheric hydrologic
cycle. ACD will continue leadership in these aremish a focus on translating knowledge
into predictive capability for models.

Action ltems:

1. Use lab and field experiments, and process-levaletirg, to identify the
mechanisms by which aerosols form and grow toatsiat allows them to
participate in cloud processes. To accomplish thisgration of a high resolution
Time-of-Flight Mass Spectrometer into the currehefimal Desorption —
Chemical lonization Mass Spectrometer instrumeatnsquirement. Use these
data and modeling results to develop new moduleadmsol formation and
growth that can be included in regional and glaidahate models.

2. Maintain and continue to develop a robust, statthefart, community aerosol
modeling capability across scales. This shouldhimohjunction with work on
community chemical models. Aerosol modeling shquitoivide a framework for
treating important chemical and climate interactioaind the ability to assess
impacts of aerosols on air quality and climate fritwa regional to global scale.

3. Perform and analyze in-situ measurements and amabtellite data to quantify
the impact of aerosols on radiative forcing andidiprocesses, and to evaluate
models. For example, NASA A-train (multi-satellgeite) data will be used to
study aerosol-cloud interactions (using e.g. mesments of aerosol optical
depth, cloud particle effective radii, and cloudieances and reflectivity) and
validate NCAR models (aerosol-cloud interactions).
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4. Continue measurements at the BEACHON Manitou sitbserve long term
changes in biogenic aerosol-cloud interactions. tieee data to develop model
parameterizations of aerosol formation that cambleided in regional and global
models.

3.4.2 Frontier: Develop tools to predict submicroraerosol formation in urban
areas and study the impact of these aerosols on hamhealth.

In addition to their impacts on radiation and clgudcesses, submicron aerosols can also
seriously affect human health: studies linkingpaHtution with mortality show that city-
specific reductions in submicron aerosols leadetcreases in mortality rates. This close
link between aerosols and health becomes more taupicats the world’s populations
concentrate in megacities. NCAR can play a majte iroproviding measurements and
developing solutions-based research into the carssnechanisms of submicron

aerosol formation in urban areas, focusing paridulin developing nations where the
problem is most acute. Not all of this researchloawcarried out by NCAR scientists, but

it is particularly important that NCAR provide leaghip in this area given the
international scope of the problem.

Action ltems:

1. Develop the next-generation modules for predicpagiculate matter mass
concentrations in urban areas, specifically desugibhe role of organic
compounds that often comprise a major portion baaraerosol.

2. Work with international research partners and nmeddiesearchers to develop a
program of measurements that can be applied tsttigl of the impact of
aerosols on public health and welfare. SpecificallZAR should develop
compact, low-power instrument suites to measuresaéisize distributions and
bulk aerosol chemical composition, which deterna@reosol toxicity.

4. Priority Area 2: Chemistry climate interactions

Atmospheric chemistry on regional and global scadeslosely coupled with other physical
components of the climate system, and understarmfinge (two-way) coupling is an integral
part of predicting future changes. Research in A€Rimed at quantifying processes which
critically link chemistry and climate, and develogithe ability to simulate and predict these
effects in models. Current focus topics includeniséry in the Arctic troposphere (which is
exhibiting the most dramatic warming on the glolae)] effects of regional-scale climate change
in the coming decades on tropospheric chemistrg. Opper Troposphere — Lower Stratosphere
is a region of focus and rapid progress, enableddoyel measurement capabilities (with the
NCAR GV HIAPER aircraft) and modeling tools. Sulvgtal efforts also focus on chemistry of
the middle atmosphere and links to the upper anmgerdoatmosphere, based on pioneering
satellite composition measurements and the devedopof WACCM.
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4.1  Arctic Tropospheric Chemistry

The composition of the Arctic troposphere is maimd by a complex array of natural
and anthropogenic processes, including the emissibreactive trace gases from snow
and ice and the transport of pollution from biomlageing and anthropogenic sources
from lower latitudes. Furthermore, this region exgseo be strongly impacted by climate
change, with significant decreases in the exteseafice and snowpack already in
evidence and temperature increases in the comicadés expected to exceed those seen
at lower latitudes. ACD will continue its leadenshole in the quantification of the
processes controlling the composition of the Ar¢aind, in general, polar) troposphere,
and will use this knowledge to predict its evolatio future climates.

Halogen blooms and ozone disappearance in the Arcttroposphere

ALERT2000 GAW ozone/ DOAS BrO time series
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Figure 2. (left) Ground-based measurements of @£twp) and BrO (bottom) at Alert (78l)
during 21 April- 9 May 2000. Near zero ozone isastasd for several days coincident with an
episode of enhanced BrO. (right) Satellite measergmof BrO derived from SCIAMACHY
measurements in April 2006. Enhanced BrO is oleskover extensive regions of the Arctic,
especially near costal regions. Halogen-inducedhezoss will be the subject of the OASIS
experiment in Spring 2009.

4.1.1 Imperative: Understand processes that contrahe oxidizing capacity and
radiative properties of the Arctic troposphere.

It is necessary to quantify natural and anthropagerocesses impacting present day
Arctic composition. This is a first step in develog the ability to predict future
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composition in light of changing climate and popia. Emphasis will be placed on the
guantification of: 1) processes that control thehenge of trace gases between polar
surfaces and the atmosphere, particularly thoselved in the initiation and propagation
of ozone/mercury depletion events (ODEs/MDES);f8ots of halogen chemistry on
aerosol formation; and 3) impacts of boreal fofees and increasing global pollution
and industrialization on Arctic composition and enalbedo. Our participation in the
university-led OASIS (Ocean- Atmosphere - Sea I&newpack) project, to be held in
Winter-Spring 2009, will be a key element of thienk.

Action ltems:

1. Play a central role in OASIS field campaign nearrBa, Alaska (Feb-Apr.,
2009). This campaign will be the most detailed gtcalried out to date of
surface-atmosphere trace gas exchange processéseaneffects on Arctic
photochemistry.

2. Analyze data from the recently-completed ARCTAS paign. In particular, a)
study how boreal fires and other pollution sourcéisience Arctic composition
and how this together with soot deposition impaleesArctic radiation budget,
and b) use tracers and direct measurements to gtadynique oxidizing
character of the Arctic boundary layer.

3. Analyze data obtained in the OASIS-2009 campaigmryGout modeling studies
to test the consistency of the behavior ofiND,/CIO./BrOx species in the
Arctic environment with known chemistry. Proposel @onduct laboratory
kinetics experiments to test hypotheses arising fritcese analyses.

4.1.2 Frontier: Develop prediction capability for the evolution of Arctic
composition

The nature of the Arctic cryosphere is changingraalarming rate, and these changes are
likely to lead to qualitative changes in emissi¢ag., release of methane from thawing
permafrost; increased halogen emission as thet refsucreased abundance of first-year
sea-ice). However, the impacts of these transfaomsaion future Arctic composition

and, in particular, feedbacks between changesnmposition and climate (both in the
Arctic and globally) have yet to be examined.

Action ltems

1. Develop, in concert with the OASIS community, atgy for observing the
evolution of Arctic composition in the coming deeadCandidate activities might
range from the development of long-term methane iiheasurement capabilities,
to the organization of future intensive field cangpa (ground-based, or
potentially ship- or aircraft-based).
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2. Include emissions from snow and sea-ice in globhahastry/climate models. In
particular, use results obtained in OASIS-2009 rfated campaigns to develop
parameterizations of halogen activation for usmadels.

3. Use models to quantify the impacts of changing simis on climatically-
relevant species (e.g., ozone, aerosols, and degasiot), and identify and
guantify chemistry/climate feedbacks associatetl Wiese changes.

4. Utilize data on isotopic composition of methanénfer changes in emissions of
methane associated with thawing of permafrost.

4.2  Atmospheric Composition in a Changing Climate

As the 21st Century progresses, the Earth’s clinsa¢epected to warm. Model
predictions also indicate that the atmosphere gdligeshould become more humid
(although regionally it could become drier). Chamgeatmospheric composition can be
foreseen as a consequence of the warmer tempeyatutiehigher moisture content.
These may be direct changes in atmospheric oxldaets, resulting from different
reaction rates, or emission fluxes. Modified atnf@spe circulation patterns may also
affect concentration levels via changes in atmosplansport. Furthermore, subtle
climate feedbacks may exist as a result of chamgesliative forcing. Attempts to
reduce global warming, or to mitigate its effectsuld also change atmospheric
composition. ACD seeks to quantify changes in thaapheric composition related to
the evolving climate, to enable prediction of tiemical state of the atmosphere in the
coming decades.

4.2.1 Imperative: Predicting Chemistry in a Warmer, Wetter Climate

ACD seeks to understand and quantify changes idafonental atmospheric parameters
as the climate evolves. The primary focus will Ineoxidants such as ozone and the
hydroxyl radical, but studies will incorporate fultoupled emission and deposition rates.
A suite of global measurements of ozone and maiitg @irecursors (e.g., HCHO, NO
CO, glyoxal) and aerosols are becoming availalmfsatellites. These will be

invaluable in constraining emissions of precursofetules, and evaluating global
variability and trends by comparison to historisehulations.

Action ltems:

1. Use the existing record of atmospheric observat{eng., ozone, ozone
precursors and aerosol distributions) to assesbébeline state of tropospheric
composition. ldentify the role of climate variabjl{e.g., ENSO) in driving the
observed interannual and decadal variability.

2. Investigate how regional temperature and precipitathanges impact the

frequency and intensity of boreal wildfires andpical biomass burning. In
addition to this climate feedback, fires also repré a forcing through the
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emission of large amounts of carbon gases and@sr@sd nitrogen oxides that
lead to ozone formation. The sign of the overdkefis still uncertain, and there
remains large uncertainty in the magnitude of eimmssand how this relates to
the biomass burned and the burn conditions.

3. Use 3-D global models (CAM-Chem) to quantify théeefs of climate change on
methane emissions as a result of land-use chambpatential melting of
permafrost. Subsequent impacts on the methanaréetsulting from changes in
the oxidizing capacity of the atmosphere will beqtified. Changes in the
modeled atmospheric abundance of methane will bd tesconstrain
uncertainties in radiative forcing calculations.

4.2.2 Frontier: Assessing the environmental impactsf using alternative fuels

Accepting that climate is going to evolve over tiext century, a large effort has been
put into developing alternative biofuels to replgeesoline (e.g., ethanol, biodiesel). Such
measures will not be without their own associat@edrenmental impacts. For example,
the use of biofuels could result in large scalengies in land cover and water usage.
Cultivation of the crops required to produce biddumay lead to large emissions of gases
into the atmosphere, while the combustion of thed éould lead to air quality impacts.
Thus, the influence of alternative combustion fuatsy range from local to global scales.

Action ltem:

1. Investigate, via a combination of laboratory, fialdd modeling efforts, the
atmospheric impacts of changing energy usage. Bjoeeifically, identify the
likely emissions from proposed biofuels, measueertties and products of their
atmospheric degradation, and model the atmospimpiacts of their release and
combustion.

4.2.3 Frontier: Simulating the climate impacts of go-engineering

Several ideas have been proposed to reduce oseetlez effects of global warming
through deliberate modification of the incomingiedmn. Such measures include
fertilization of the oceans to promote phytoplamkggowth, release of SGnto the
stratosphere to enhance the aerosol layer to téfleeaming solar radiation, or the
injection of sea spray into the atmosphere to m®eecloud reflectivity. The concept of
geo-engineering, while attractive in principle, has potential of introducing unwanted
side effects (such as increased sulfate nucléiarstratosphere, which could enhance the
ozone hole). Such climate change mitigation schemiészquire thorough investigation.

Action ltem:

1. Model potential effects of proposed geo-engimgeefforts using CAM and WACCM,
and be actively involved in community assessmentsitigation strategies.
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4.3  Upper Troposphere — Lower Stratosphere (UTLS)

The upper troposphere and lower stratosphere (UTd.8)sensitive region of Earth’s
climate because water vapor, ozone, cirrus clondsaarosols strongly contribute to
radiative forcing of the climate system. The UT &&lhave very different chemical
compositions. The strong gradients across the papse in ozone, water vapor and
clouds/aerosols make this an especially challengaggn to observe and simulate. The
UTLS is a highly dynamic region influenced by admaange of scales, from deep
convection and gravity waves, to tropospheric welalystems and the large-scale
stratospheric circulation. Studies of the UTLS seefuantify and simulate the distinct
processes and feedbacks in this region, and priedvetthe system will evolve in a
changing climate.

4.3.1 Imperative: Quantify and simulate transport and transformation processes
in the UTLS region

In collaboration with MMM, CGD, EOL and our univésscolleagues, ACD scientists
will continue leadership of the NCAR UTLS initia¢i\by targeting key issues of the
coupled dynamics, chemistry, microphysics and tahgprocesses in the UTLS. During
the last 5 years, the UTLS initiative has succélyséwnducted the STARTO5 and
STARTO08 experiments using the NSF/NCAR GV aircrafie STARTO08 campaign
included 18 separate HIAPER flights aimed at speaiieteorological situations, with
over 120 hours of unique data now in hand. Cumenrk involves detailed analyses of
these data in conjunction with satellite measurémand model simulations. Other
UTLS research is aimed at using satellite datanaodel simulations to quantify
chemical behavior of the tropical tropopause lay@t the Asian monsoon anticyclone.
ACD scientists will also continue to provide leagtep for CCMVal assessments, as well
as the SPARC UTLS Water Vapor Assessment and tA&RSPT ropopause Initiative.
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Figure 3. Background map shows flight track of NM&F/NCAR GV aircraft (yellow line) during
the June 18, 2008 flight of the STARTO08 experinsepgrimposed on a visible satellite image
with radar reflectivity added as colors. The inskows measurements of Néd), NO
(yellow), and ozone (blue) during a ~10 minute sege near the large convection center, as
indicated. The enhanced NO (up to ~5 ppbv) is gaobbgenerated from lightning. The low
ozone indicates that the airmass is mainly tropesich

Lightning generated NO observed during STARTO08

Action ltems:

1.

Analyze STARTOS field experiment measurements muwaction with satellite
data to quantify the UTLS chemical structure iratiein to the global tropopause.
Compare with detailed simulations using regiona global models. Develop
diagnostics for UTLS transport as a part of theaamg process-oriented
validation for chemistry-climate models (CCMValpclude past and ongoing
aircraft campaign data in these analyses, espgti@INSF sponsored HIPPO
(HIAPER Pole-to-Pole Observations of atmosphereets) experiment.
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2. Host a major community workshop to assess prognesservations, modeling
and theoretical understanding of the extratropi€alS.

3. Analyze satellite and aircraft observations of cleainspecies with a range of
photochemical lifetimes to quantify transport babain the tropical and
subtropical UTLS, including behavior of the Asiammsoon anticyclone. Include
detailed comparisons with WACCM and other models.

4. Investigate aerosol — ice cloud interactions wisitu measurements from
HIAPER (PACDEX, STARTO08) and satellite data. Counério develop
community models to include advanced parameteoatof ice cloud
microphysics and aerosol interactions.

4.3.2 Imperative: Quantify influence of Deep Convea®n on UTLS Chemistry and
Composition

An important pathway for transporting anthropogenicboundary layer, trace gases into
the UTLS region is via deep convection. The Deepwotive Clouds and Chemistry
(DC3) field experiment, proposed to be conductespinng 2011, will focus on
continental, mid-latitude deep convection to obtancomitant measurements of the
composition of thunderstorm inflow and outflow awfdconvective outflow 12-48 hours
after active convection. These measurements wahtjty the rate of production of ozone
from its precursors (nitrogen oxides produced nydfstim lightning and hydrogen oxides
produced from hydrocarbons emitted at the Eartiwgase), and provide data for
evaluating model simulations that can give contaling with satellite data, of the
influence of deep convection on the UTLS. Furtheenduring July and August when
the North American monsoon is in place over thalsem US, UT ozone concentrations
are increased. A high-resolution regional chemistmyulation is being conducted to
examine the processes contributing to this UT ozoteancement.

Action ltems:

1. Plan, prepare and conduct the DC3 experiment. $tepgle a) submitting the
science plan and experimental design overviews36,Nb) conducting model
simulations of expected thunderstorm conditionheregions of interest, c)
updating aircraft flight patterns based on recomuagions from the NSF reviews
and from pre-campaign model simulations, and detbgmg critical
instrumentation, such as the HOx measurementseo@Yhaircraft, and assisting
in obtaining other needed instruments, e.g. a G¥ument for measurement of
peroxides.

2. Utilize a seasonal, high resolution WRF-Chem siitnortato investigate the
summer seasonal transition of upper troposphergosition with particular
attention on ozone enhancements occurring duri@dNtbrth American monsoon.
Analyses of these model results by post-doctoiahsists and graduate students
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will greatly increase the science gained from tdamputationally-intensive
simulation.

4.3.3 Frontier: Beyond STARTO08 and DC3

Knowledge of the UTLS gained from the STARTO08 ar@3field experiments should
be utilized to improve representation of the UThShemistry-climate models. Future
campaigns should expand the observational datasatltide geographic regions or time
periods not well represented by prior missions.

Action ltems:

1.

4.4

Evaluate and improve our community models (WRF-ChéAM-Chem, and
WACCM) by comparison with in situ field measurense(including STARTO08
and DC3 observations) with particular emphasis egpdconvection and
chemistry, UTLS aerosol-cloud interactions, and $Tderosol concentrations
and composition. As part of these analyses, ingattithe processes that
contribute to ozone concentrations during periodsoavective influence and the
processes that contribute to the UTLS aerosol caitipo, especially those
processes producing organic aerosols.

In collaboration with the mega-cities group, exploptions for a future field
campaign that builds on the DC3 and MIRAGE fielgpenments to investigate
the transport and evolution of trace gases andsatremitted from mega-city
regions during periods of deep convection.

Participate in NASA TC4 field experiments to inugate the tropical UTLS
region. Explore a STARTOS type of study for wingerd fall seasons and in
regions outside North America.

Middle Atmosphere

The Middle Atmosphere (MA) is the region of the agphere from the tropopause to the
lower thermosphere (~100 km). This is a region ol observational and modeling
communities have historically had close connectiansl we expect this to continue in
the future. In this unit we emphasize two aspetiservations from a variety of
platforms and modeling with WACCM. The past halogenen decrease of stratospheric
ozone is reasonably well simulated by WACCM. Agsult of the Montreal Protocol and
its extensions, the halogen content of the atmasphéeginning to decline and the
ozone reduction has slowed and even shown sigressefsing since 1996. However, the
recovery of ozone will depend not only on halogentent, but also on solar UV output
and changes in MA temperature and circulationfutare climate. Ongoing research will
focus on improvements in WACCM (partly from detdilebservational comparisons) to
guantify future composition changes and uncertasntiogether with the coupling of the
MA to lower and higher altitudes.
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4.4.1 Imperative: Determine the drivers behind obswed changes in the middle
atmosphere

The role of chemistry, dynamics and radiation inssag the observed changes in the
middle atmosphere will be analyzed, and used tbesige models that predict the role of
the MA in affecting tropospheric climate. At presdhere is an increasing suite of new
observations, particularly from satellite-bornetinsnents, which reveal MA behavior
with novel detail. These data should be thorouginiglyzed, validated, inter-compared
and used to provide a challenge to MA models, aeajp®VACCM.

Action ltems:

1. Analyze data from SABER, ACE, HIRDLS, COSMIC, AlMaother satellite
instruments to investigate key phenomena in the Eiphasis will be on
exploiting the high (~ 1 km) vertical resolutionldfRDLS and COSMIC, and the
trace species measurements from all the systems.

2. Use long records of data from the NDACC networkjt@ntify variability in key
MA constituents, and use these results for WACCMtasion. Continue long-
term ground-based FTIR measurements as part ¥EA&CC network, and
maintain leadership in the NDACC FTIR working group

3. Refine WACCM through checks against SABER, HIRDC&®SMIC and other
data to reduce systematic errors in the model.thlsge comparisons to identify
and evaluate possible measurement biases. Praadbdck to laboratory
measurement requirements, and input to chemicaéta@s they apply to the
MA.

4. Perform past and future numerical integrations asgkess chemical and physical
variability and diagnose whether it is the resdilhoman activities (e.g. GHG
increases) or natural processes (e.g. solar anuagptetic variability). This will
be achieved by participation in assessment sinaunlatborganized by CCMVal and
WMO.

5. Use observations and models to study the roleafigrwaves and tropical
waves in the momentum balance of the MA (especibyQBO). Determine the
detailed structure of the transport circulatiomgsobservations from high-
resolution instruments like HIRDLS.

4.4.2 Imperative: Investigate the coupling of the mldle atmosphere with
tropospheric climate and the upper atmosphere.

Recent simulations have shown that models with laresolved middle atmosphere
(“high-top” models) are capable of reproducing mdosely the historical tropospheric
temperature record compared to models that haseverimodel lid (“low-top” models)
and lack middle atmosphere processes, althougméehanisms are not well understood
at present. Satellite observations also revealglogy of the ionosphere to atmospheric
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tides originating in the troposphere. Together idthO and CGD, we plan to use
WACCM to explore the coupling of the MA with tropgi®eric climate and space
weather.

Action ltems:

1. Quantify the impact of middle atmosphere variapitin weather and climate
from the troposphere to the thermosphere. Explogdbehavior of annular modes,
by which the MA and lower atmosphere are beliewedommunicate, in
observations and models. Together with HAO, stindythermosphere/ionosphere
variability and irregularities, including sprodic-Bpread-F and longitudinal
structures in ionospheric equatorial electrogetetged to upward propagating
gravity waves, tides.

2. Quantify differences in climate mean and varianegvieen simulations run with
CCSM/WACCM (high-top) and CCSM/CAM (low-top). Assashether high-top
models reduce model/data biases by comparisonobigkrved climate datasets.

3. Assess the role of the MA in controlling the getieraand transmission of
atmospheric tides and causing tidal variability.

4.4.3 Frontier: Assess how the impacts of the midellatmosphere on other regions
will evolve in a changing climate.

Conventional atmosphere-ocean climate models, dmoduthose that have participated in
the most recent IPCC evaluation, have a poorlylvedamiddle atmosphere, and the
minor constituents that drive radiative heatingesadire, at least in part, specified from
observations. These are important omissions inssfdhe recovery of the stratospheric
ozone layer has been shown in models to affeatesgonse of tropospheric climate to
changes in greenhouse gases. It is therefore rm@gdesexplore the role of the middle
atmosphere in tropospheric climate through modeding analyses of observational data,
with particular attention to the role of ozone dgjoin and recovery on the climate of
Antarctica.

Action Item:

1. Contribute simulations to the IPC& &ssessment report (AR5) performed with
WACCM4 as part of CCSM using an interactive deepamc Compare to CCSM
AR5 simulations run with CAM4.

4.4.4 Frontier: Quantify the response of the meso$ere and lower thermosphere
(MLT) to forcing from below and above.

New satellite observations reveal a coupling ofitm®sphere to atmospheric tides

originating in the troposphere. WACCM and WACCM-¥ gerhaps the only existing
models capable of investigating the coupling betwtbe lower atmosphere and space
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weather. The use of these models to study variglmlithe MLT is closely aligned with
the objectives of the NSF Coupling, Energetics Bgdamics of Atmospheric Regions
(CEDAR) program (http://cedarweb.hao.ucar.edu).

Action ltems:

1. Investigate the MLT response to rapidly changinigrsand particle fluxes
during solar storms.

2. Improve the representation of ion-neutral coupimyVACCM and WACCM-X
to study the response of the MLT to global-scalgasa

3. Improve WACCM simulations of the mesosphere ancelothermosphere
through comparison with data from AIM, and verihetinclusion of metal
chemistry by checks against lidar data in collaborawith the NSF/CEDAR
community.

4. Explore the use of WACCM to assimilate observationeteorological fields to
facilitate campaign model/data intercomparisons.

5. Priority Area 3: Tools for cutting-edge atmosphéc chemistry studies

State-of-the-art analytical and modeling capakditare crucial to address the wide range of
scientific Imperatives and Frontiers discussedis Strategic Plan. In response to the analytical
needs of the atmospheric chemistry community, ACPrgists have been leaders in the
development of laboratory and field instrumentsuresfl to characterize photochemical
processes leading to ozone production, emissiouslatile organic compounds (VOCSs) from
natural and anthropogenic sources, and the formaimal composition of aerosols. In addition,
ACD scientists have pioneered the development aedation of satellite instruments designed
to measure CO in the troposphere and a variethefacal species in the stratosphere. ACD
scientists have also been leaders in the developohenmerical models designed to describe
and predict the chemical composition of the atmesplirom process to global scales. This
leadership is facilitated by close collaborationthvACD kineticists and MMM and CGD
scientists. Over the next five years, ACD plansa@rporate new analytical technologies and
numerical techniques into our current frameworknstruments and models, in addition to
maintaining and improving our existing capabiliti&e philosophy behind the Frontiers in this
Priority Area is to explore potential ideas, tecloigges, and techniques that allow ACD
scientists to maintain cutting-edge research.

5.1  Aircraft and ground-based instrumentation

Observational atmospheric chemistry directly adsktesa number of important scientific
and societally relevant issues such as air qu@atigjuding oxidants), aerosols, toxins,
visibility, crop damage, land use change, and dlolimate change. In the past, ACD has
played a unique role leading to the developmemioeEl measurement capabilities in
response to the scientific needs of the instituéind the scientific community. The
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application of these instruments to ACD study aisasimmarized in Table 1. Also
included in Table 1 are proposed new instrumeraswhil significantly enhance our
analytical capabilities. A critical mass of obseiwaal capability in ACD provides a

suite of highly desirable and diverse measured fifigsto be brought to bear on aircraft
and ground-based programs that cannot be supgoytdte University community alone.
For this reason, ACD and EOL measurement capalslioften requested for external
field campaigns. ACD works with RAF to provide commnity instrumentation for
regularly requested observations (e.g. CO,,d®, water vapor) aboard NSF/NCAR
platforms. The airborne science community has ctamrely on these measurements in
developing their field programs; recent exampleduide MIRAGE-MEX, ARCTAS and
the START-08 campaigns. As a result of this rel@nostrument development and
deployment projects at ACD often benefit from othgencies, including NASA, NOAA,
and EPA. This synergistic support of ACD instrunagiain projects by other agencies has
leveraged the effort by NCAR in meeting its go#tg goals of the agencies involved, the
wider scientific community, and society.
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Table 1. Summary of the application and status@bDAneasurement capability
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CO, COy, O3 Ongoing Yes é Xl X X X| X
H,O vapor Ongoing Yes | o Xl X| X X X
NO, NO,, NO, Ongoing | Yes % X[ X x| X[ x| X[ x
PANs Ongoing Yes | ‘G Xl X X X| X
OH, HO,, RO, Ongoing | Yes (g x| X X X
NMHCs, OVOCs Ongoing Yes | O X| X| X| X| X| X| X
H,SO,, MSA Ongoing | Yes | < X X X X
Airborne OHr Ongoing Yes | .£ X X X
TOF-PTRMS Ongoing | Yes| 3 | X| X X X X
TDCI-TOF-MS Ongoing Yes | O X| X X X
AirFlux Ongoing Yes | & X| X X X
CFS Ongoing Yes | 5 X X X
FTIR Ongoing Yes | o X| X X| X| X X
j-values, C-O;, AOD | Ongoing | Yes | & X| X| X| X| X| X| X| X
PER New No | © X | X X X
RO2 New No | & [ X[ X X X
ChemPack New Yes X X| X X
FastN New No X | X X X
Fast CH4 New Yes X X| X | X
micro-NOxyO3 New Yes X X X X | X| X
SatSen New Yes X X X X
CF New Yes X| X X| X X
FastVOC New No X| X| X | X X

Legend:

CO, CO;,, Og: Carbon monoxide, carbon dioxide, and ozone Conitypumstruments

H,0 vapor: Water vapor Community Instrument

NO, NO,, NO,: Inorganic nitrogen species

PANSs, org NO;y: Peroxyactyl nitrates

OH, HO,, RO,: Hydroxyl radical, hydroperoxy radical, alkyl pesoradicals

NMHCs, OVOCs: Nonmethane hydrocarbons and oxygenated volatjeric compounds

H,SO,, MSA: Sulfuric acid and methane sulfonic acid

Airborne OHr : Airborne OH reactivity instrument

TOF-PTRMS: Time of flight proton transfer mass spectromdterfast measurements of VOC, SVOC
and OA based on chemical ionization

TDCI-TOF-MS : Time of flight mass spectrometer for measurensénitrafine particle composition
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AirFlux : Development of airborne chemical flux systemsdstimating emissions by overflight of source
region (e.g. forests, cities)

CFS: Development of low cost long-term canopy-toweeroical flux systems

FTIR : Fourier transform infrared spectroscopy

j-values, C-G;, AOD: photolysis frequencies, column ozone, and aemgstital depth

PER: Development of instrument for hydroperoxides

RO2: Development of method for speciated RO2 measureame

ChemPack Development of small, ideally low cost, chemispgckages for deployment at multiple
locations

FastN: Instrument development project for fast measurgmef organic nitrogen species such as alkyl
nitrates

Fast CH4: Cavity ring down instrument for methane flux measnents

Micro-NOxyO3: Smaller and lighter instrument with same or betensitivities, detection limit and
frequency response for NOx, NOy, and ozone

SatSen Design/develop new satellite sensors

CF: Calibration Facility

FastVOC: Fast-time resolution (1s) VOC measurements

5.1.1 Imperative: Maintain and improve existing andytical capabilities

To meet future challenges, it is critical for AC®rhaintain and expand their
observational capabilities. Maintenance, in thissse necessitates use of the same
fundamental techniques while improving the composée.g. state-of-the-art detectors,
electronics, sampling, data reduction algorithmsgthance the instrument’s capabilities.
Improvements include increase in sensitivity, datiection rates, or reductions in size
(especially important for aircraft instruments).gaxsion, in contrast, requires research-
based development of new techniques with the gaatanding existing capabilities
and measuring new compounds or parameters. In sagses these needs are clear,
however in many cases ACD will need to rise todhellenge of addressing new
measurement needs as we gain a more detailed tenting) of atmospheric processes.
ACD will also consider whether sufficient capalyiléxists within the community when
deciding whether or not to maintain or expand cépiais.

Action ltems:

1. Replace components and software in existing instniation as improved
versions become available. Electronics expertigghanical design and
fabrication capabilities must be maintained andaexied as part of this
improvement. This requires additional operationgitiand an additional
Technician Il position. Track funding and suppat instrumentation (S&B,
M&S, PS and equipment) and assess whether neebeiagemet.

2. Replace existing C£nstrument to improve precision and sampling rate.

3. Expand the use of Time of Flight Mass SpectromgiF-MS): a) to increase
sampling speed for a subset of organic compouraticplarly on airborne
platforms; b) its application to proton-transfersaapectrometry would increase
substantially (perhaps 10-fold) the number of speéor which fluxes could be
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simultaneously measured; and c) the use of TOF+#M8d analysis of ultrafine
aerosol composition would increase the mass ramgewhich compounds could
be quantified and lead to greater understandirthaxe processes leading to
growth of the smallest aerosols. These activigegiire the purchase of twoTOF-
MS systems.

4. Improve and expand the airborne and canopy-towemdal flux analytical
systems. This requires an additional Associateristeposition.

5.1.2 Imperative: Develop new analytical capabilies

There are several identified instances in whichrowpd or new instrumentation using
proven technology would advance scientific undeitag and enhance the scientific
payoff from ACD'’s observational program.

Action ltems:

1. Develop the capacity to measure the individual oigperoxy radicals and

develop an instrument to measure hydroperoxidess. &ffort will require an
additional Associate Scientist position.

2. Develop fast-time response instrumentation for mesments of organic nitrogen
species such as alkyl nitrates and other non-PAM ©rganic nitrogen
compounds.

3. Develop small portable chemistry packages for megseant of key species ¢0O

NOx, CO, CQ, aerosols, and potentially other tracers sucloasesvOC'’s) at
multiple locations.

4. Develop a fast methane instrument for flux measergm

5. Continue to explore new technologies for improveteerexpansion of ACD
instrumentation capabilities.

5.1.3 Imperative: Adapt current analytical capabilities to additional airborne
platforms

A current and near-term instrumentation priorityhie adaptation of many of these
instruments to airborne platforms in addition te 130, P3-B and DC-8, such as the
NASA WB-57, the Duke HOP, the Wyoming King Air, aimdparticular the Gulfstream-
V (G-V) platform. Unmanned aerial vehicles (UAVs)daunmanned aircraft systems
(UASS) such as the Global Hawk will also be of iat¢ as they become available for
atmospheric research. Instrumentation modificationsircraft such as the G-V are
necessarily complex and expensive because of ghlimdations and stringent FAA
certification requirements. Adaptation often inasdeduction of instrument size and
weight to the extent possible, and transition tb&utomation (as required for some

35



platforms). The latter includes remote access tdroband assess the performance of
instruments by a ground-based operator. Developoighiese new instruments will
allow detailed atmospheric composition and evofustudies to be performed from the
ground to the stratosphere (up to about 60,000 ft).

Action Items:

1. Complete development of the OH/K@nd TOGA instruments for the GV.

2. Develop a small, lightweight NOxy/Ozone instrumfnrtdeployment on a UAV

or UAS.
3. Continue adaptation of flux instruments for the BUH#OP.
4. Participate in community planning workshops/meeging instrumentation needs

for UAVs and UASs and propose ACD instruments wlagpropriate.

5.1.5 Frontier: Design a community instrument andnlet test and calibration
facility

A testing and calibration facility is needed toemssthe performance of instruments.
While temporary facilities have been constructethapast for ground-based instrument
comparisons, a more permanent facility extendabke tariety of trace gases and
aerosols would provide a strong benefit to otheugs in ESSL and EOL, and also to the
wider research community. The most basic functibsuch a facility will be to provide
accurate dilution of NIST traceable standards. fi¢e level will include testing at
reduced temperatures and pressures characteffishie extreme conditions aboard
airborne platforms and various study regions, anding at speeds up to 200 m/s.

Action ltem:

1. Secure needed funding to design, build, operatevaidtain a community
instrument and inlet test and calibration facilithis is needed for in- house
instruments, but will also be available, and ofagrealue to observational groups
within the larger community.

5.1.6 Frontier: Propose development of a new framewk for internal instrument
support

All programs in NCAR that provide instrumentatiar the community could benefit
from a new framework for internal instrument sugpsuch as an NCAR-wide
Instrument Fund. Such an internal funding mechari@@nmstrumentation could also
provide important matching funds in support of exé agency instrument development
funds.

Action ltem:
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1. Form an NCAR-wide instrumentation group that woddgsign a prototype plan
for an Instrument Fund. A report with recommendagiavould be written and
iterated with relevant Directors within NCAR andidered to the Executive
Committee.

5.2 Satellite data and instrumentation

ACD has a long history in remote sensing of atmespltomposition. On a number of
satellite instrument projects, it has provided &atip at every stage from mission
conception through instrument design, algorithmedigyment, operational data
processing, to significant scientific analysis. A@xurrently responsible for
maintaining the operational data processing ofitwtruments flying on NASA Earth
Observing System Satellites: Measurement Of Poliulin The Troposphere (MOPITT)
on the Terra satellite launched in 1999 and HigbkdRgion Dynamics Limb Sounder
(HIRDLS) on the Aura satellite launched in 2004.

The nadir viewing MOPITT IR gas correlation radideremeasures carbon monoxide
(CO). This gas is produced by incomplete combustiash atmospheric oxidation
processes and is an excellent tracer of atmosppeliiation transport. The 8 years of
MOPITT profile measurements provide a unique readrhe seasonal and inter-annual
variability of anthropogenic pollution. The limbewing HIRDLS IR radiometer
measures the thermal emission signatures of a nuohib&ce species in the upper
troposphere and stratosphere. In particular, thh fertical resolution of HIRDLS
provides unique information about atmospheric stmgcand exchange in the UTLS
region.

5.2.1 Imperative: Maintain existing remote sensingapabilities and expertise

Within ACD, interpretation of remote sensing dagésss facilitated by in-house
expertise in satellite algorithm science and imsgntation. This ensures full account is
taken of the data strengths and limitations. Ascarent satellite projects mature, it is
imperative that this expertise be retained.

Action ltems:

1. Continue operational processing in ACD of MOPITTO &fIRDLS instrument
raw counts into the final retrieved geophysicalducts for delivery to NASA.
These products are then made available for fre&gpdistribution and user
education and support and constitute a major setwWcACD to the scientific
community.

2. Develop capability to process other sources oflgatdata, such as the European
platforms, for our needs and also those of the medenmunity.
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3. Extend the HIRDLS algorithms to allow recovery cdter vapor, methane, NO
and perhaps additional species. At present, nthelpecies that HIRDLS was
designed to measure can be recovered, due todkefaletail in the models of
the blockage in the optical train. This will reqaiimproving the physics and
fidelity of the correction algorithms and modifyisgme aspects of the retrieval
code. The data will then be validated, and releésé¢de community.

5.2.2 Frontier: National planning of new satellitemissions

In response to the National Academy’s Decadal SUINASA is working to define the
requirements for several new satellite missionsARGnvolvement in the planning for
these missions provides a way for the organizgtomaintain and further develop its
leadership in remote sensing measurement sciemcdada interpretation.

Action ltems:

1. Participate, and play a key role, in NASA plannprggrams and workshops for
the design of new satellite missions and new sggafistruments, in particular the
Compact Imaging Spectro-Radiometer (CISR) instrurfemmeasuring
tropospheric CO from a Geostationary Satellite.

2. Explore plans for a next generation limb scannemnieasurements in the middle
atmosphere in order to obtain critical data for itammg ozone changes and
understanding their causes. Additional resourcébeineeded to assist with this
activity if it goes beyond initial stages.

5.3  Community Models

The application of chemistry models provides arsssient of our understanding of key
atmospheric processes and interactions. Regionladmival tropospheric models are
needed for the design, forecasting and analysigldfcampaigns. The global
tropospheric and stratospheric models are key tadlse interpretation of the current
suite of satellite chemical observations. Our stdtthe-science chemistry-climate
models are being used for international intercongparexercises conducted by SPARC
(CCMval), the WMO/UNEP Ozone Assessment, IGAC (Aspiceric Chemistry &
Climate) and UNEP (HTAP), and are expected to blided in the next IPCC report.
The global models are also being used to make irapbcontributions to the evaluation
of proposed geo-engineering and mitigation acteitias well as the impact of emissions
changes due to future land and energy use scen&hese models are key components
in the development of the planned NCAR Chemical taasystem and Earth System
Model.

ACD is currently leading the development of a nunmdfecommunity models, ranging
from process models to regional and global 3-dinoerad models and the Earth's surface
to the thermosphere. TUV, which calculates solaible and UV radiation, and box
models using the NCAR Master Mechanism (MM) andG@ECKO-A self-generating
mechanism, are used for the study of detailed otedmprocesses at point and column
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scales. Models of emissions natural biogenics (MEgBANd open fires (ACD pyrogenic
model) are used to provide time-varying emissioithese key atmospheric chemistry
drivers in 3-d models. WRF-Chem is the regional Wenaand Research Forecasting
model coupled with chemistry and is used to studguality and chemical processes on
the city to continental scale. CAM-Chem and WACC global coupled chemistry-
climate models linked to the CCSM Community AtmasghModel with chemistry
schemes appropriate for studies of the troposplaeckthe stratosphere to thermosphere,
respectively.

Each of the scientific themes of the ACD stratggdan requires application and/or

further development of at least one of these mo@elble 2). Application of the models
for analysis of observations also leads to improxenof the models.

Table 2. Summary of the scientific applicationghef ACD models.

Theme\Models Process Emissions WRF-Chem  CAM-Chem CGM
Biosphere-Atm. Inter. X X X X

Megacities X X X X

Chemical Weather X X X

Aerosols X X X X

Polar Chemistry X X X
Chemistry-Climate X X X
UT/LS X X X

Middle Atmosphere X

5.3.1 Imperative: Maintain and develop state-of-thart chemistry models

For the scientific goals of the ACD/ESSL/NCAR ségit plan to be reached, state-of-
the-art chemistry models are critical. In some sake current models are adequate for
the research, but in others significant developnserequired.

Action Items:

1. Process modeling (MM/TUV/GECKO-A)

Flexible box models will continue to be used td tesv and existing chemical
mechanisms, such as oxidation schemes of biogenipaunds, halogen
chemistry, secondary organic aerosol (SOA) forrmtedoud chemistry, and the
WRF-Chem and CAM-Chem chemical mechanisms. Thegdyhietailed
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process models are not used directly in three-ds@al models, but provide the
scientific benchmarks for the development of edfitiparameterizations.

Emissions modeling (MEGAN/pyrogenic)

MEGAN will continue to be improved and extended fiare species as new
observations become available. Continued improvemktine ACD pyrogenic
emissions model is needed to enhance the qualltjoafass burning emission
estimates which are essential input for realisbpdspheric chemistry
simulations. A new support scientist is neededufgpert community requests for
assistance running MEGAN and for fire emissiongatt

WRF-Chem

WRF-chem is a key tool in ACD, with the most diragplication to field
programs, aircraft measurements and regional weatimate modeling. WRF-
Chem needs significant development to adequatelyead ACD's scientific
goals. The most critical improvements include: esentation of aerosol
formation processes such as secondary organicd€B83A) chemistry and
nucleation, incorporation of online biogenic emiss, updates of wet and dry
deposition, improving upper boundary conditiong] #me addition of lightning
NO production. New and existing SOA formation aguiees (e.g.,
oligomerization) will be added and assessed witlhenAerosol Testbed Initiative
in collaboration with DOE/PNNL. The addition of tMOZART chemical
mechanism is needed for cross-scale studies withl-CAhem. The assimilation
of chemical observations into WRF-Chem will be deped in the DART
framework in collaboration with IMAGe. Model develments will be made in
close collaboration with scientists in MMM and CGAahd our collaborators at
NOAA, DOE/PNNL and U. North Carolina. 1-2 additidisaipport scientists are
needed to prepare, conduct and help analyze mwdelagions as part of these
development efforts and in support of the sciengftivities across the division.

CAM-Chem

While CAM-Chem is currently applicable for manypaspheric chemistry
studies, a number of improvements are needed. $ph@wic halogen chemistry
must be added to support the OASIS field experimedtother polar chemistry
observations. Also needed are: the improvemertiefadiation and photolysis
scheme, wet deposition scheme, and interactionsuitfaces
(snowl/ice/vegetation/ocean) and the feedback demosif aerosols (soot) on
sea-ice melt. The simulation of aerosols will b@iaved through incorporation
of a modal scheme (DOE/PNNL), the interaction withud microphysics,
heterogeneous chemistry, and production of SOAa@asimilation of chemical
and aerosol observations will be further developsidg the current CAM-
Chem/DART. We will continue to work closely withioGGD, IMAGe,
university and other agency (NOAA, DOE) collaboratdAt a minimum, a
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scientific leader and 1-2 support scientists aexiad to develop and test these
needed improvements, and perform and analyze nsodalations.

5. WACCM

A version of WACCM3, based upon CAM (3.1.9), wakeased to the scientific
community in summer 2008. That model is thoroudbbted and has been
used successfully in many recent studies (see
http://waccm.acd.ucar.edu/Pubs/index.shtfbr the next CCMVal assessment,
simulations will be performed with a version basedCAM (3.5.48); this
contains many improvements including the abilitydn with a deep ocean
model, a 'source-driven’ gravity wave parameteoratetter representation of
energetic particle effects, and the ability to diW¥ACCM with reanalysis winds
and temperatures. In parallel, ACD is collaboratvith HAO on extending the
upper boundary of the WACCM to 500 km and addin@itedd ionospheric
physics. Future development activities include ioyimg model representation of
key dynamical variability (the Quasi-Biennial Osatiion, stratospheric
warmings, and tides), by improving the represeotatif the parameterization of
gravity waves and convection. WACCM is expecteddntribute simulations to
the IPCC AR5 to assess the influence of includingelkresolved middle
atmosphere on climate change predictions. Thesglaions will need to be
performed with WACCM based on CCSM4 (to be releasezD09), and it will
be necessary to migrate and validate codes unidendiv framework. Additional
associate scientist support would ensure WACCMdsdner the required AR5
simulations, and allow updates to WACCM to be redebto the community in a
timely manner.

5.3.2 Frontier: Bridging the gaps encountered whemerging observations with
models

The gaps encountered when trying to directly comparmerge observations (point
measurements, aircraft data or satellite obsems}iwith model output are significant.
Exploration and development of a new capabilitaddress these gaps will allow the
regional and global impact of local-scale emissiand processing to be investigated and
also exploit the use of models to choose optimaéobng strategies.

Action Item:

1. Develop tools to bridge the gaps between the charaitd physical complexity of
process models and the spatial limitation of in giieasurements with the
regional-global representations of 3-d models andlie data. A post-doc or
visitor should be actively recruited to begin t@kxe and develop these new
tools.

5.3.3 Frontier: Development of an Earth System Mode
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Increasing supercomputer capabilities expectetlemear future provide an opportunity
for substantial improvements to models employesinmulations for weather and climate
research. NCAR is embarking on development of & gexeration Earth System Model
(ESM) that should surpass the simulation capadsliourrently fulfilled by CAM (climate
applications) and WRF (weather and regional clinggelications). It should also
provide improved capabilities in the areas of cleadniveather prediction, observational
campaign support, data assimilation and simulaingosphere-geospace interactions.
ACD will take a leading role in providing new mogelysics packages to facilitate ESM
development in the areas of chemistry, radiatienpsols and aerosol-cloud/aerosol-
chemistry interactions. To perform this ambitioevelopment work, a level 4 Software
Engineer and at least half-time of a Scientist 8 aeeds to be dedicated to this effort.

Action ltem:

1. In the near term, ACD can progress towards devetppn ESM package by:

a. Unifying the chemistry solver and developing cotesisy in aerosol schemes
in WRF-Chem and CAM-Chem, and providing added Béixy in specifying
reaction schemes.

b. Unifying radiative transfer, photolysis, and phydiparameterizations
(convection, boundary layer, deposition, etc.)othbWRF and CAM.

c. Couple emissions models to 3-D models to provideate-dependent
emissions (biogenic, oceanic, fires, and anthropiegesing energy/economy
models) and to forecast wildfires.

d. Assist with development of modules to provide maméputs relevant for
societal impacts, such as key air quality and healttrics in a future climate.

6. Summary of key areas for future support

This section provides a synthesis of future suppeduired to carry out the research and
community support activities outlined in Prioritye®as 1-3 above. The actions are prioritized
into Imperative Tier A (highest priority, with befits influencing the entire ACD program),
Imperative Tier B (primary influence on specifiethes or projects), and Frontier actions.

Imperative Tier A

Senior chemical instrumentation scientist to leadedopment and application of ACD
and community instruments, and analysis of scierdiéita. This is intended to replace
senior personnel lost over recent years, and maift@D leadership in this area.

Scientist for supervising tropospheric chemical oed for CAM-chem and WRF-chem,
and leading scientific research on global and megjieropospheric chemistry. This is
intended to replace senior personnel lost ovemtegears.

Time-Of-Flight Proton Transfer Reaction Mass Spmuter (TOF PTRMS) to
dramatically enhance ability to quantify biogemacde gas fluxes.
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Time-Of-Flight Mass Spectrometer (TOF-MS) to intgrinto the existing Thermal
Desorption Chemical lonization Mass Spectromet&-JIMS) instrument to
significantly enhance the ability to identify andatify the chemical composition of
aerosols.

Imperative Tier B
Technician and Associate Scientist for analytiegdabilities.

2 Associate Scientists to support developmentntgsand analysis of WRF-Chem and
CAM-Chem.

Associate Scientist to support community requestdfEGAN and the fire emissions
output.

Data assimilation Scientist to develop chemicainagstion techniques for WRF-chem
and CAM-chem.

Satellite instrument simulation Scientist to depedimulated observations for OSSE
studies

Associate scientist to support IPCC AR5 simulatiosing WACCM

Frontier actions

Level 4 Software Engineer and %2 time of a Scieiist 4 for developing new Earth
System Model physics modules in the areas of chigmisdiation, aerosols and aerosol-
cloud-chemistry interactions.

Funding to develop compact, low power instrumeitesuo measure aerosol size
distributions and bulk aerosol chemical composition

Funding to design, build, and operate a commungyrument and inlet test and
calibration facility

7. ACD contributions to defining the Fabric of NCAR

ACD contributes to and defines the fabric of NCARaur major ways — by providing
leadership in the field of atmospheric chemistiyydieveloping community resources; by
educating and training future generations of sgé&nand leaders; and by fostering
collaborations among scientist inside and outsfd¢@AR. Activities that demonstrate these
contributions are listed below.
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Providing broad-based intellectual and societally-elevant leadership in atmospheric
chemistry

Lead and participate in international assessmeiitaes, including: UNEP/WMO
Ozone Assessments, SPARC CCMval, IGAC/SPARC AtmesplChemistry and
Climate, UNEP HTAP, and IPCC.

Provide to policy-makers information needed to gaite air pollution in urban areas
and to mitigate crop damage from deterioratingjamlity.

Assess the impacts of potential alternative fudicpgs and geo-engineering
strategies.

Development of community instruments and models

Continue to provide to the community state-of-thig-anique chemical
instrumentation capability and expertise.

Explore and implement, through community interagsian complementary fields
(e.g. Analytical Chemistry), new methods for measugnt of important species and
variables. This includes making use of visitingisepersonnel, developing
workshops, and enhancing interactions with collesghe US and abroad.

Create a community instrument test and calibrafaa@ility.

Continue to engage a wide community in the devetgrand application of
community chemistry models.

Develop satellite data resources for the community.

Improve community models and data assimilation bdifias through the
development of a Chemical Weather system.

Through our research on Arctic chemistry and clenaistablish new and important
connections between the atmospheric chemistry camynand the global climate
modeling community (e.g., the Polar Climate andr@i#&y-Climate working groups
in CCSM).

Education and training the next generation of scietists and leaders

Establish a program that will bring early caredestists from a wide range of
disciplines to NCAR for a period of 6 to 24 montbsvork on atmospheric chemistry
research with a focus on organic gases and aerdsasddition, create an
international network for these scientists that piibvide mentoring, training and
facilitate collaboration.
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Entrain students and post-doctoral scientistsatitCD research activities.
Continue to host seminars and workshops relatedl tveas of research within ACD.

Scientific leadership and collaborations both withh NCAR and with the outside research
community.

Maintain and enhance the reputation of NCAR AC g#obal leader in the
organization of, and participation in, large comrbyswide field campaigns related
to atmospheric composition and air quality (e.dcABHON, OASIS, DC3, future
Mega-city campaigns).

Establish collaborations (e.g., with ISSE, EPA, NOQAISDA, medical researchers)
that enhance our ability to assess and mitigatépacts of changing air quality on
human health and the environment.

Serve as a critical nexus of information betweepaspheric and stratospheric
science by providing community leadership for dgssans of tropopause structure
through hosting workshops and leading internati@sakessments.

Through the development of a chemical data asdionlzapability, strengthen and
develop collaborations within ACD, ESSL and NCAR veell as with universities,
other research centers and international orgaoizsti

Develop new research tools that will enable strowmganections between modelers
and observationalists.
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