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1. Executive Summary 
 

The Atmospheric Chemistry Division at NCAR conducts research aimed at quantifying and 
predicting the role of atmospheric chemistry in the Earth system. This research is focused on 
evaluating the effects of emissions, deposition, transport, and chemical transformations on 
atmospheric composition, as well as quantifying coupling with the physical climate system 
across a broad range of scales (process to global). ACD is a leader in the development and use of 
chemistry instrumentation in support of the scientific needs of a National Center and of the 
community (particularly for aircraft-based observations and satellite measurements), and also 
develops and maintains state-of-the-art community chemistry modeling tools.  These capabilities 
are especially relevant to address future challenges linked to population growth and economic 
development, and climate change on regional and global scales.  
 

Priority areas for ACD: 
 

1. Global and Regional Atmospheric Composition and Climate 
Human activities have perturbed the chemical composition of the atmosphere at 
local, regional and global scales. We seek to improve the capacity of society to 
predict atmospheric composition (air quality and climate effects) on regional to 
global scales through research on the underlying processes and interactions within 
and among the atmosphere, the biosphere, and the cryosphere. 
 

2. Development of Community Resources 
ACD has a heritage of leadership in atmospheric chemistry measurements and 
modeling. ACD has developed a critical mass of chemical observational 
capability including aircraft, ground-based and satellite measurements, which is 
often provided as community-requested support. In collaboration with University 
partners, ACD also develops chemistry-transport and chemistry-climate models 
and applies them to study key scientific questions on atmospheric chemical 
composition and prediction, and climate simulation.  

 
Imperative: Maintain cutting-edge research in quantifying emissions, deposition, and 
fluxes of natural and anthropogenic compounds and their chemical transformations in 
the atmosphere. Quantify photochemical processing of these compounds through 
measurements of free radicals, oxidation products and aerosol precursors (and the 
subsequent aerosol formation and growth). This research involves a combination of 
measurements, modeling and synthesis activities. 
 
Action Items: 
 

1. Develop a quantitative knowledge of the processes controlling trace gas fluxes 
from natural sources, ranging from the emissions from tropical vegetation and 
biomass burning, to exchanges of trace gases with sea-ice and snowpack in polar 
regions. Incorporate this information into emission and chemical models, examine 
impacts of these processes on regional and global atmospheric composition, and 
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develop predictive power regarding the evolution of these processes in future 
climates. 
 

2. Quantify emissions and fluxes of select VOCs, nitrogen oxides, carbon monoxide 
and oxidants from mega-cities and follow their time-dependent photochemical 
processing into OVOCs, acids and other diverse products. Use chemical models 
to determine impacts on local, regional, and hemispheric scales. Evaluate the 
regional and global chemical models with aircraft, ground-based, and satellite 
measurements, and develop data assimilation methodology for prediction of 
chemical weather and long-range transport of pollutants.  
 

3. Quantify processes in the upper troposphere – lower stratosphere (UTLS) region 
that determine the tropopause structure and UTLS composition by analyzing the 
START08 field experiment measurements and satellite data, and by planning the 
Deep Convective Clouds and Chemistry (DC3) experiment. Assess the role of the 
Middle Atmosphere in tropospheric climate by analyzing satellite, aircraft and 
ground based measurements in combination with WACCM. 
 

Imperative: Maintain and develop chemical instrumentation in support of the scientific 
needs of the center and the community. In close collaboration with the outside 
partners, continue development and application of community chemistry models. 

 
Action Items: 
 

1. Maintain and improve existing state-of-the-art instrumentation that contributes to 
our mission and goals. Develop new generation of instruments, including higher 
resolution mass spectrometers (time-of-flight and ion trap instruments) and a 
faster time resolution aircraft VOC instrument. Define the science, measurement 
and instrument requirements for future atmospheric composition satellite 
missions. 
 

2.  Development of community models:  
 

a. WACCM priorities: (a) extend the model upper boundary to represent the 
thermosphere and ionosphere; (b) evaluate the impact of different 
convective schemes and model resolution on tropical dynamics, including 
the QBO; (c) test WACCM coupled to the CCSM ocean model for use in 
the next IPCC exercise. 
 

b. CAM-Chem priorities: (a) include tropospheric halogen chemistry to 
support the OASIS field experiment and other polar chemistry 
observations. (b) develop improved physical-chemical processes (e.g. 
photolysis, wet and dry deposition, and aerosol chemistry) to maintain 
CAM-Chem as a state-of-science chemistry model. (c) develop data 
assimilation techniques for chemical and aerosol observations using 
CAM-Chem/DART in collaboration with IMAGe. 
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c. WRF-Chem priorities: (a) develop improved parameterizations for 

secondary organic aerosol (SOA) chemistry and production of NO from 
lightning. (b) include the MOZART chemical mechanism for cross-scale 
studies with CAM-Chem. (c) develop assimilation of chemical 
observations into WRF-Chem using the DART framework in 
collaboration with IMAGe. 
 

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

 
ACD will advance knowledge on the physical and chemical transformation of polluted air 
masses emitted from a large urban area and subjected to convective uplifting. Knowledge 
derived from the MILAGRO and DC3 campaigns will place ACD in a unique position to 
address this problem. 
 
Action Item: 
  

1. Plan and evaluate opportunities for a field study which will investigate: the 
transport and evolution of trace gases and aerosols emitted from mega-source 
regions which are convectively transported to high altitudes; the processing of 
urban air in cloud droplets; feedbacks from chemical processing and aerosol 
emission and growth which can modify convection and precipitation. Potential 
cities for study would be Mexico City (during the wet season) 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 NCAR in four major ways – by 
providing intellectual leadership in the field of atmospheric chemistry; by 
developing community resources (chemistry instrumentation, satellite data, and 
community models); by educating and training future generations of scientists; and 
by fostering collaborations among scientists inside and outside of NCAR.  
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2. Introduction 
 

2.1 Mission 
 

The mission of the Atmospheric Chemistry Division of NCAR is (1) to understand the 
chemical composition of the atmosphere, the processes that maintain and modify the 
composition, and potential changes that may result from natural and human induced 
forcings; (2) to provide relevant information on atmospheric chemistry to government 
and society; and (3) to act as an intellectual resource and enabler to the wider 
atmospheric sciences community through developing and providing measurement 
capabilities and community chemistry modeling tools. 

 
2.2 Scientific scope and societal relevance 

 
Rapid growth in population and economic development are principal drivers of global 
change, including unprecedented changes in atmospheric composition. Growing 
industrial and transport activity and intensive agricultural practices have resulted in 
higher atmospheric concentrations of photochemical oxidants, acidic gases, and aerosols; 
it is now recognized that humans have perturbed the chemistry of the atmosphere at local, 
regional and global scales. For example, combustion related nitrogen oxide (NOx) 
emissions and human-related increases of volatile organic compounds (VOCs) contribute 
to increases in ground level ozone, which adversely affects human health (via lung tissue 
damage) and crop productivity (via leaf damage). Increased concentrations of chlorine 
and bromine compounds have upset the natural balance of stratospheric ozone and have 
resulted in polar stratospheric ozone depletion, and long-lived compounds (methane 
(CH4), nitrous oxide (N2O), chlorofluorocarbons [CFC’s], and halons) released to the 
atmosphere accumulate and significantly perturb the radiative forcing of the climate 
system. Short-lived compounds (NOx, sulfur dioxide [SO2], VOCs) released to the 
atmosphere contribute to the formation of inorganic and organic aerosols, which cause 
respiratory problems and influence radiative forcing both directly and indirectly through 
the modification of cloud properties and precipitation. 
 
Against this backdrop of societally relevant issues, research on atmospheric chemistry 
aims to develop a fundamental understanding of the processes that determine the 
composition of the atmosphere, to quantify links between atmospheric composition and 
other physical components of the climate system, and develop the ability to predict future 
behavior of the Earth system. The role of ACD as part of the National Center is to 
provide broad intellectual leadership in atmospheric chemistry research, support and 
enhance the University research community, and provide relevant information to 
government and society. Support to the community involves the development and 
application of atmospheric chemistry instrumentation, satellite measurements, and 
community chemistry models, together with intellectual leadership such as organizing 
field campaigns or measurement intercomparison activities. The scientific activities in 
ACD provide the necessary underpinning for scientific assessments sponsored by the 
Intergovernmental Panel on Climate Change (IPCC), World Meteorological Organization 
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(WMO)/ United Nations Environment Programme (UNEP), and the U.S. Environmental 
Protection Agency (EPA), and ACD scientists often contribute as leaders in such 
assessment activities. 

 
Atmospheric chemistry has matured greatly during the past decades, as much has been 
learned about the global cycles of key atmospheric chemical species, and satellite data 
have provided a wealth of information on global structure and variability (including for 
the first time several tropospheric constituents). Global chemical models can now 
simulate the distribution of important tropospheric chemical species, and provide 
simulations of future composition under different scenarios. Furthermore, short-lived 
radiatively-active substances such as ozone and aerosols are now incorporated in many 
global climate models. Stratospheric ozone and its past changes are reasonably well 
simulated in current models. However, as understanding of the key elements of 
atmospheric chemistry has developed, the horizon now focuses on coupling with different 
components of the Earth system, such as the global water cycle, the biosphere and the 
cryosphere. A key question is how atmospheric composition will evolve in a changing 
climate, and under the pressures of continued population growth and economic 
development. Much of the future population growth will occur in the tropics and will be 
accommodated in megacities surrounded by intensively farmed agricultural zones that 
will have replaced much of the tropical rainforest and grasslands (and hence substantially 
alter VOC emissions). There are also ongoing rapid changes in Arctic climate, including 
strong warming and loss of sea ice, which may have significant impact on atmospheric 
composition. 

 
2.3 Future Research: Observations, Modeling and Synthesis 

 
ACD will continue to advance understanding in atmospheric chemistry from the 
integration of knowledge gained from several focus areas: 

 
1. Process studies—Fundamental understanding of chemical mechanisms involving 

gas phase and multiphase systems, including laboratory and sometimes small 
targeted field studies of key chemical reactions.  
 

2. Observations—Development and application of trace gas, aerosol, and radiation 
measurement instrumentation to provide comprehensive data on atmospheric 
composition and processing over a wide range of spatial and temporal scales. 
Development and use of satellite measurements for quantifying global-scale 
chemical structure, variability and trends. 
 

3. Models— A hierarchy of chemical models, including process models to address  
fundamental photochemical transformations, to regional and global chemistry 
transport models which include coupling with other components of the Earth 
System. 
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Activities in these areas are highly synergistic. For example, parameters determined in 
process studies provide the input to regional or global chemical transport models, and 
often suggest exploratory field studies. Advances in instrumentation evolve from 
techniques employed and developed in the laboratory. Results from model simulations 
may be used to identify key processes requiring further study, and model chemistry 
forecasts are routinely used in the planning of field campaigns. Finally, comparisons of 
numerical model simulations with comprehensive measurements of atmospheric 
composition test basic hypotheses, and highlight gaps in our understanding of 
atmospheric processes. 
 
The effective synthesis of cross-scale model and measurement information is at the heart 
of ACD science. Traditionally, combining models and observations has taken the form of 
comparisons using model output sampled as close as possible to the measurement 
location (although this often involves a mismatch of spatial scales). More recently, data 
assimilation is providing a formal method of integrating models and data, with 
application (so far) primarily to satellite measurements. One focus of future research in 
ACD will be to develop improved tools and techniques to integrate cross-scale models 
and measurements, including ground-based, aircraft and satellite observations. 

 
2.4 Partnerships: the role of ACD within NCAR and the larger community 

 
ACD has developed significant collaborations across NCAR Divisions and Laboratories, 
and with the extended University community, and our research activities are aligned with 
other national and international research organizations. Within NCAR, ACD scientists 
and software engineers collaborate with the Climate and Global Dynamics (CGD) 
division on the relationships between atmospheric chemistry, biogeochemistry, and 
climate and contribute to the Community Climate System Model (CCSM). ACD 
collaborates with the High Altitude Observatory (HAO) on the chemistry and dynamics 
of the upper atmosphere through the development of WACCM. ACD scientists also work 
with the Mesoscale and Microscale Meteorology (MMM) division on air chemistry 
modules for the Weather and Research Forecasting (WRF) model coupled with chemistry 
(WRF-chem). ACD scientists and engineers work closely with the Earth Observing 
Laboratory (EOL) on the development of state-of-the-science instrumentation and in 
supporting community instrument developments and deployments. ACD is also linked 
with scientists from the Institute for Study of Society and the Environment (ISSE) on the 
societal implications of global change including urbanization, land use change, and 
pollution transport. 
 
ACD scientists partner with many of our university colleagues on joint projects and field 
programs, on integrated field campaigns organized by ACD, and on measurement and 
model intercomparison exercises. ACD scientists also participate in programs organized 
by the National Aeronautics and Space Administration (NASA), the National Oceanic 
and Atmospheric Administration (NOAA), and EPA. The research outlined in this 
strategic plan enhances and supports the research efforts of international programs, 
including the International Global Atmospheric Chemistry (IGAC) project 
(www.igac.noaa.gov), and the World Climate Research Program (WCRP) Stratospheric 
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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 analysis of how ACD strengths (including a 
critical mass of observational capabilities and synergistic use of state-of-the-art models) 
overlap with current key questions in atmospheric chemistry, especially those of high 
relevance to other activities at NCAR (for example, as components of the Community 
Climate System Model, CCSM). Future research will focus on topics falling broadly 
under the scope of Global and Regional Tropospheric Composition and Chemistry-
Climate Interactions: 

 
Global and Regional Tropospheric Composition 

 
·  Biosphere-Atmosphere Interactions 

 
·  Effects of Mega-Cities and Global Urbanization on the Atmosphere 

 
·  Chemical Weather 

 
·  Submicron Aerosols: Linking Atmospheric Chemistry to Public 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 objectives and key research priorities within 
each of these themes, and also summarizes the status of the associated research tools 
(chemistry instrumentation and models). It lays out the framework for addressing these 
topics in terms of Imperatives (current activities that are crucial to the ACD mission) and 
Frontiers (areas of emerging opportunities and directions for new investments), and lists 
specific action items within each theme. The support required for achieving actions 
within the themes is summarized in Section 6.  Finally, ACD contributions to defining the 
Fabric of a National Center are highlighted. 
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3. Priority Area 1: Global and Regional Tropospheric Composition 
 
Tropospheric composition is changing at an unprecedented rate, primarily as the result of human 
activity. The biosphere acts as a major natural source of trace gases, particularly reactive VOCs, 
and the strength and distribution of these sources is being altered as a result of human-induced 
changes to climate and land use. In addition, direct emissions from anthropogenic sources 
continue to increase as the result of population increase and economic growth. These increasing 
emissions, coupled with a growing trend toward urbanization, lead to severe air quality problems 
in large urban centers, particularly those located in the developing world. Furthermore, it is 
recognized that the effects of these urban centers extends to regional and even global scales – for 
example, ozone and aerosol levels in the western United States can be influenced by transport 
from Asia.  
 
Scientists in ACD have substantial heritage in the study of tropospheric composition and related 
air quality issues. Our approach to this research is multi-faceted, involving field observations 
(both in situ and remote sensing), laboratory-based process studies, and modeling efforts. 
Community leadership is amply displayed, for example through the organization of major 
intensive field campaigns (e.g. MILAGRO and BEACHON), through the development, 
implementation and use of satellite instruments (e.g. MOPITT), and through the development of 
community models for studying regional and global air quality. These projects our developed 
with input from and in collaboration with the broader atmospheric chemistry community. 
 
A major focus of current research is on the ability to predict future regional and global air quality 
on decadal timescales. The development of these capabilities will allow us to inform policy 
makers regarding future mitigation and adaptation strategies.  
 

3.1 Biosphere-Atmosphere Interactions 
 

The biosphere produces copious quantities of chemical compounds that are released into 
the atmosphere where they exert an influence on atmospheric chemistry and climate. This 
includes a major role in controlling organic aerosol distributions and the oxidizing 
capacity of the atmosphere. NCAR has a history of leadership in the investigation of the 
role of organics and other chemical compounds in the biosphere-atmosphere interactions 
that link the biological, chemical and physical components of the earth system. This 
research integrates field and laboratory measurement and modeling activities across 
scales ranging from individual cells to the entire Earth system. Past studies have included 
intensive field campaigns in tropical, temperate and boreal regions and are now 
increasingly focused on longer-term studies such as the BEACHON project. While 
considerable progress has been made in past decades, there are many outstanding 
scientific questions associated with the influence of biogenic emissions on aerosols and 
clouds and on the oxidants that control the cleansing capacity of the atmosphere. Since 
biogenic emissions are sensitive to climate and atmospheric chemical composition, there 
is a potential for significant feedback coupling, although lack of a quantitative 
understanding of key controlling processes limits our ability to accurately incorporate 
these biosphere-atmosphere interactions into Earth system models. 
 



11 
 

3.1.1 Imperative: Continue as world leaders in atmospheric biogenic organic 
compound research, and strengthen our expertise in airborne flux 
measurements, biomass burning emissions, and biogenic secondary organic 
aerosol. 

 
Observational capabilities are a critical requirement for advancing biosphere-atmosphere 
interactions science. ACD will maintain state-of-the-art capabilities for measuring fluxes 
of biogenic compounds as well as develop novel instruments that will lead the 
community toward a new generation of analytical capabilities. ACD will also remain 
leaders in regional and global scale emission modeling, as these activities provide a 
necessary mechanism for transferring our knowledge to the earth system modeling 
community. ACD will also increase our efforts to apply this research in the context of 
regional air quality, weather and hydrological studies. 

 
Action Items: 
 
1. Enhance our ability to experimentally quantify key biogenic trace gas fluxes, via 

the development of a state-of-the-art TOF-PTRMS (time-of-flight proton transfer 
reaction mass spectrometer) instrument.  Develop airborne flux measurement 
capabilities that are essential for providing the regional observations of surface-
atmosphere exchange; these are needed to evaluate model predictions and 
quantify the complex interactions that occur on regional scales. This includes 
collaborations with universities (e.g., Duke U., U. Wyoming and Purdue U.) that 
operate flux aircraft. 

 
2. Continue our commitment to maintaining a state-of-the-art biogenic emission 

model and strengthen our efforts to provide biomass burning 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 relevance. 
 
Past research at NCAR and elsewhere has demonstrated the importance of biogenic VOC 
emissions into the atmosphere. Our improved understanding of these emissions creates 
opportunities to address three important applications. The first includes informing urban 
planning and policy decisions based on the potentially negative impacts that can result 
when these chemicals mix with urban air. Second are the potential benefits for forest and 
agricultural managers to use biogenic emissions as an early warning of impending 
ecosystem stress. NCAR has led efforts to detect emissions of biological defense (e.g. 
terpenoids) and signaling (e.g., methyl salicylate) compounds associated with ecosystem 
stress in the real world atmosphere. This research can form the basis for investigations 
into the role of these compounds in agricultural productivity, ecosystem health, and the 
development of early warning systems for insect infestation, drought, heat and other 
stresses. Finally, existing NCAR expertise in estimating biogenic VOC emissions can 
provide a key component of a broader effort to assess the impacts of the production of 
biofuels used for renewable energy. Proposed biofuel plantations could extend over large 
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areas and have the potential to significantly change the chemistry of the atmosphere and 
other Earth system components. The associated impacts could be assessed through a field 
study focused on a large biofuel plantation containing a plant species (e.g., poplar) with 
high biogenic emission rates that is expected to cause a major change in regional oxidant 
and aerosol concentrations.  

 
Action Items: 
 
1. Develop databases and a decision support system that will enable urban planning 

groups to develop strategies for urban landscaping that contribute to the 
optimization of urban quality of life. 

 
2. Establish partnerships with groups that have ecosystem and agricultural 

management expertise and are interested in the potential of chemical sensing of 
ecosystem scale stress. Develop practical approaches for early warning systems 
able to identify important ecosystems stresses.  

 
3. Develop methods for providing accurate estimates of the costs and benefits 

associated with biofuel production and other renewable energy in the context of 
ecosystem health and sustainability and regional air quality. Conduct a field study 
to determine the regional impact of a large biofuel plantation (e.g., poplars).  

 
3.2 Effects of Megacities and Global Urbanization on the Atmosphere 

 
Understanding and anticipating the effects of increased urbanization on atmospheric 
composition and processes is recognized as a major scientific challenge, as half of Earth’s 
population is already living in urban areas and this fraction is expected to rise sharply in 
coming decades. Some of the largest megacities will emerge in the tropics, creating 
hotspots of intense anthropogenic emissions which are poorly understood. ACD has been 
active in initiating and pursuing research to study the air quality and photochemical and 
physical processes in outflow from large urban areas. These effects can be local (such as 
the impacts of photochemical smog and particles on human health, visibility degradation 
and local weather), but also regional and global (such as impacts on radiative forcing, 
clouds and precipitation, cultivated and natural ecosystems, 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 assimilation methods to 
integrate satellite data. 
 

ACD scientists initiated and led the Megacity Impacts on Regional and Global 
Environments (MIRAGE) Strategic Initiative, which included the Megacity Impacts – 
Local and Global Research Observations (MILAGRO) campaign, conducted in and 
around Mexico City in 2006. This campaign, with large national and international 
participation, set a new standard for experimentally addressing all the issues listed in the 
introductory paragraph above.  
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The data set collected during MILAGRO is currently being analyzed and a number of 
new and scientifically important results have already been presented and published. A 
report outlining preliminary findings has been presented to the local government and 
provides valuable input for policymakers to consider mitigation strategies. However, this 
dataset has yet to be fully exploited and work must continue.  

 
Action Items: 
 
1. Continue to analyze the MILAGRO data set with a vigorous modeling effort, 

specifically: 
 
a) Assess uncertainties in emission inventories through model-measurement 

comparisons, and determine relative contributions of anthropogenic, biogenic, 
wildfires, and biofuel combustion emissions to the regional air quality. 

 
b) Improve the representation of chemical and physical processes in community 

models (WRF-Chem, CAM-Chem) based on observations, using box models to 
link the measurements to the 3D models. 

 
c) Quantify secondary organic aerosol (SOA) formation processes and improve 

model representation of SOA. 
 
d) Quantify feedback mechanisms between radiation and boundary layer structure. 
  
e) Develop satellite validation and satellite data assimilation techniques to ensure 

more effective use of satellite data for air quality and megacity outflow 
observation in the future. 

 
f) Resolve discrepancies between measurements and model predictions for radical 

budgets, VOC formation and fate, and nitrogen oxides sequestration. 
 
2. Synthesize the results from MILAGRO to provide the best interim assessment of 

megacity impacts on the atmosphere. 
 
a)  Provide a scientifically sound assessment of the major pollution sources in central 

Mexico, including the relative importance of transportation, industry, vegetation, 
and biomass burning. Also provide an assessment of the urban and regional 
chemical regimes, particularly with respect to VOC and NOx limitation. Such 
scientifically sound information is essential for the development of effective 
local-to-continental scale mitigation policies. 

 
b) Use regional and global models to assess the climate impacts of megacity 

emissions, and assess likely feedbacks of changing climate on urban and regional 
air quality. 
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3.2.2 Imperative: To maintain a leadership role in the study of megacity impacts, 
particularly by establishing research programs in Asian cities. 
 

The two most rapidly growing agglomerations of megacities are located in eastern China 
and in India. ACD has established a relationship with the Shanghai Meteorological 
Bureau (SMB) focused on improved measurements and modeling of the Shanghai region. 
The SMB has a number of established measurement stations in and around the Shanghai 
metropolitan area, and the ACD collaboration will focus on developing a regional 
modeling program supported by measurements, to address their pressing air quality 
issues. A ground-based measurement campaign with participation from a number of 
groups in ACD is tentatively planned for 2010. ACD has also established a relationship 
with the Indian Institute of Technology in Mumbai, India. Along with one of our 
University collaborators, (U. Miami), an initial experiment aimed at gaining a basic 
understanding of the emissions profile and air quality in Mumbai was conducted in early 
2008, and a follow up study is planned in 2009. 

 
Action Items: 
 
1. Continue collaborative relationship with SMB and support their efforts in 

establishing a reliable measurement network. 
 
2. Perform regional chemical modeling using WRF-Chem for the Shanghai region in 

collaboration with scientists at the SMB. 
 

3. Prepare and conduct a measurement campaign in Shanghai, focused on 
quantifying local ozone, NOx, VOC and aerosol behavior. 

 
4. Incorporate this new east China regional knowledge into global models (e.g. 

CAM-Chem), and evaluate with satellite observations. 
 
5. Use preliminary observations from Mumbai to evaluate and improve model 

simulations of India. Conduct follow-up study in Mumbai to further characterize 
the nature and distribution of emissions. 

 
3.2.3 Frontier: Explore options for a major field campaign as a follow-up to 

MILAGRO. 
 

Mexico City is a unique megacity because of its high altitude and distinct dry season. It 
was chosen as the focus of MILAGRO, in part, to simplify the chemical processing 
expected in the absence of convection and clouds. However, most rapidly growing urban 
areas in the tropics and subtropics are affected by strong convection for at least part of the 
year, which changes the outflow patterns and impacts the long-range export of pollution. 
Convective outflow also alters the chemical and physical processing of the exported 
pollutants via interaction with cloud droplets and ice particles. In addition, the pollution 
emitted from a megacity can alter the regional climate and the frequency and intensity of 
convection itself, thereby introducing potential feedback mechanisms. ACD will 
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therefore consider a follow-up aircraft campaign in and around a megacity during the wet 
season. This city could be in eastern China, possibly Shanghai, which is probably the 
most important region with respect to intercontinental transport of anthropogenic 
pollution. This will only be possible if the growing relationship with the SMB results in 
being able to obtain permission to fly over the greater Shanghai metropolitan area. A 
second option would be trying to obtain permission to fly over one or more of the 
megacities in India, possibly Mumbai. A third option would be to return to Mexico City 
during the wet season and take advantage of the knowledge we already have about the 
area, its emissions and the specific composition of the outflow. 

 
Action Items: 
�
1. Use existing models together with knowledge gained from MILAGO to assess 

key uncertainties in quantifying outflow from a megacity under convective 
conditions. 

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

Chemistry) campaign. 
 
3. With input from the atmospheric chemistry community, evaluate potential options 

for a future focused megacity campaign. 
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The Long Reach of a Megacity 

 
 
Nitrogen oxides (NOx) catalyze the atmospheric photo-oxidation of reactive carbon 
(carbon monoxide, hydrocarbons, and other volatile organic compounds) and in the 
process produce well known pollutants such as ozone, peroxides, acids, and secondary 
aerosol particles. Today, about ¾ of the global NOx emissions come from human 
activities, especially combustion of fossil fuels in urban areas. The impacts of these urban 
emissions on regional and global scales depend critically on how quickly NOx is 
removed from the atmosphere. Over a few days, chemical reactions transform most fresh 
NOx into either nitric acid (HNO3) or peroxy acyl nitrates (PANs). HNO3 is soluble and 
is eventually removed from the atmosphere by rain.  However, PANs can remain in the 
atmosphere for a long time, be transported by winds over large distances, and slowly 
release the NOx far downwind – in other words, PANs are an effective chemical vehicle 
for exporting reactive NOx from urban to global scales. The relative formation of HNO3 
vs. PANs in urban plumes has profound implications for the formation of ozone and other 
oxidants at large distances from the urban source regions. 
 
Not all urban plumes are similar.  Figure 1 compares the reactive nitrogen measured from 
aircraft downwind of New York City and Mexico City.  In the New York City plume, the 
initial NOx is rapidly converted to HNO3 with negligible production of PANs, so that 
after one day the NOx is only a few percent of the total.  In Mexico City, PANs formation 
is favored by the high amounts of hydrocarbons and high altitude (relatively cold) 
outflow.  The Mexico City plume contains large amounts of PANs which slowly 
decompose and sustain larger amounts of NOx (up to 15% of the total).  This means that 
the larger NOx in the Mexico City plume can catalyze the production of oxidants and 
aerosols for many days downwind of the city. 
 
 

 
 
Figure 1: Fraction of total reactive nitrogen (NOy) present as nitric acid (HNO3), organic 
peroxy acyl nitrates (PANs), and nitrogen oxides (NOx), for measurements in and downwind of 
New York City (left) and Mexico City (right).  Total reactive nitrogen is defined as NOy = HNO3 
+ PANs + NOx + other measured reactive nitrogen compounds. 
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3.3 Chemical Weather 

 
Chemical Weather (CW) analysis and forecasting is increasingly being explored as a 
melding of modeling and observations via data assimilation to provide a capability for air 
quality analogous to that currently available for weather. Chemical data assimilation 
provides a formalism for merging data and models, with application for initializing 
analysis and forecast models, improving emission estimates, and quantifying systematic 
model biases.  The integration of satellite data (in contrast with surface observations) is 
only now being examined by the GEMS/MACC project in Europe (which is the most 
developed CW initiative to-date). There is no equivalent US initiative.  

 
3.3.1 Imperative: Develop the scientific capability that would form the framework 

of a future CW system for the US.  
 

A CW system capability has numerous uses for both research and applications, including 
improving emissions and model parameterization schemes, providing forecasts for 
research missions or regional air quality, and quantifying long-range transport. In 
addition, a CW system can provide input to health advisories and air quality regulation 
and decision-support tools with application in agricultural management. 

 
Action Items: 
 
1. Continue integration of satellite observations with models through data 

assimilation for CW and air quality analysis and prediction (in collaboration with 
IMAGe). 

 
2. Provide support for community and ACD-led field campaigns (e.g. MIRAGE, 

OASIS, BEACHON, DC3 and ARCTAS), including chemical forecasts, model 
evaluation and interpretation of observations. 

 
3. Continue participation in UNEP/HTAP and other international model inter-

comparisons aimed at improving the characterization of atmospheric chemistry 
and long-range transport. 

 
4. Use observation system simulation experiments (OSSEs) for instrument 

specification and quantifying the potential impact of future satellite measurements 
on air quality prediction. 

 
5. Provide input to national and international planning activities to define future 

satellite missions for atmospheric composition. 
 

3.3.2 Frontier: Maintain and further develop our leadership in remote sensing 
measurement science and data interpretation. 
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The use of current satellite data in CW will help identify priorities for future observations 
at a time when NASA is working to define the requirements for the GeoCAPE 
geostationary satellite mission that will target atmospheric composition and air quality. 
NCAR involvement in GeoCAPE is most likely the best opportunity for the organization 
to maintain its leadership role in future satellite missions.  

 
Action Items: 
 
1. An atmospheric composition satellite data-gap is looming in the USA. Our current 

NASA EOS missions are maturing, the NPOESS mission will have limited 
capability to study air quality, and the next generation NASA missions have yet to 
be fully defined. We will fill this gap by developing capability to process 
atmospheric composition data from the European MetOP/IASI instrument (in 
collaboration with CNRS and EUMETSAT). 

 
2. Define the science, measurement and instrument requirements for the NASA 

Instrument Incubator Program Compact Imaging Spectro-Radiometer (CISR) 
carbon monoxide instrument now being considered as candidate technology for 
the GeoCAPE mission. 

 
3.3.3 Frontier: Develop new techniques to better integrate measurements with 

models. 
 

The effective synthesis of cross-scale model and measurement information is at the core 
of much of NCAR’s science. Observations are the basis for discoveries. They are utilized 
to form hypotheses that can be tested with models that subsequently spawn ideas for 
further measurements. The observations that are used to constrain CW forecasts span 
spatial and temporal scales ranging from sparse ground-based monitoring data, through 
aircraft measurements made during intensive field campaigns, to long-term global 
retrievals from satellite platforms. The integration of these diverse inputs with model 
simulations, taking full account of the inherently different measurement resolutions, 
presents significant challenges.  

 
Action Items/Goals:  
 
1. New capability is required to move past the simple comparison of new 

measurements with corresponding model representations. ACD will explore and 
develop data assimilation tools to take the next step of effectively combining 
information across spatial and temporal scales with the aim of providing a unified 
understanding with predictive tools. 

  
2. Develop tools that will aid in defining the traceability matrices that link science 

questions onto measurement and instrument requirements. This will benefit the 
development of new in-situ instrumentation, inform satellite mission design, help 
optimize field campaign observing strategies, and provide a tool for model 
evaluation.  
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3.4 Submicron aerosols: Linking atmospheric chemistry to public health and 

climate change. 
 

Atmospheric aerosols are directly emitted from anthropogenic and natural sources and 
are formed in the atmosphere by the condensation of low-volatility vapors. They 
participate in a number of important atmospheric processes such as heterogeneous 
chemistry, cloud formation, precipitation, and the scattering and absorption of solar 
radiation. Submicron aerosols have been implicated in serious health effects. For these 
reasons, understanding and predicting the formation and evolution of atmospheric 
aerosols is an essential and timely research objective for NCAR. 

 
Imperative: Continue the leadership role of ACD in the study of aerosols and their 

impacts on air quality and climate. 
 

Aerosols impact climate directly by the scattering or absorption of radiation, and 
indirectly through the modification of clouds and precipitation. The magnitude of these 
effects remains the single largest source of uncertainty in our understanding of climate 
change. Current NCAR research includes studying aerosol formation and growth, 
biogenic sources of aerosols and their feedbacks with climate, process-scale and regional 
modeling of organic aerosols, and the role of aerosols in the atmospheric hydrologic 
cycle. ACD will continue leadership in these areas, with a focus on translating knowledge 
into predictive capability for models. 

 
Action Items: 
 
1. Use lab and field experiments, and process-level modeling, to identify the 

mechanisms by which aerosols form and grow to a size that allows them to 
participate in cloud processes. To accomplish this, integration of a high resolution 
Time-of-Flight Mass Spectrometer into the current Thermal Desorption – 
Chemical Ionization Mass Spectrometer instrument is a requirement.  Use these 
data and modeling results to develop new modules for aerosol formation and 
growth that can be included in regional and global climate models. 

 
2. Maintain and continue to develop a robust, state-of-the-art, community aerosol 

modeling capability across scales. This should be in conjunction with work on 
community chemical models. Aerosol modeling should provide a framework for 
treating important chemical and climate interactions, and the ability to assess 
impacts of aerosols on air quality and climate from the regional to global scale. 

 
3. Perform and analyze in-situ measurements and analyze satellite data to quantify 

the impact of aerosols on radiative forcing and cloud processes, and to evaluate 
models. For example, NASA A-train (multi-satellite suite) data will be used to 
study aerosol-cloud interactions (using e.g. measurements of aerosol optical 
depth, cloud particle effective radii, and cloud radiances and reflectivity) and 
validate NCAR models (aerosol-cloud interactions).  
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4. Continue measurements at the BEACHON Manitou site to observe long term 

changes in biogenic aerosol-cloud interactions. Use these data to develop model 
parameterizations of aerosol formation that can be included in regional and global 
models. 

 
3.4.2 Frontier: Develop tools to predict submicron aerosol formation in urban 

areas and study the impact of these aerosols on human health.  
 

In addition to their impacts on radiation and cloud processes, submicron aerosols can also 
seriously affect human health: studies linking air pollution with mortality show that city-
specific reductions in submicron aerosols lead to decreases in mortality rates. This close 
link between aerosols and health becomes more important as the world’s populations 
concentrate in megacities. NCAR can play a major role in providing measurements and 
developing solutions-based research into the causes and mechanisms of submicron 
aerosol formation in urban areas, focusing particularly in developing nations where the 
problem is most acute. Not all of this research can be carried out by NCAR scientists, but 
it is particularly important that NCAR provide leadership in this area given the 
international scope of the problem.  

 
Action Items: 
 
1. Develop the next-generation modules for predicting particulate matter mass 

concentrations in urban areas, specifically describing the role of organic 
compounds that often comprise a major portion of urban aerosol.  

 
2. Work with international research partners and medical researchers to develop a 

program of measurements that can be applied to the study of the impact of 
aerosols on public health and welfare. Specifically, NCAR should develop 
compact, low-power instrument suites to measure aerosol size distributions and 
bulk aerosol chemical composition, which determine aerosol toxicity. 

 
 
4. Priority Area 2: Chemistry climate interactions 
 
Atmospheric chemistry on regional and global scales is closely coupled with other physical 
components of the climate system, and understanding of the (two-way) coupling is an integral 
part of predicting future changes. Research in ACD is aimed at quantifying processes which 
critically link chemistry and climate, and developing the ability to simulate and predict these 
effects in models. Current focus topics include chemistry in the Arctic troposphere (which is 
exhibiting the most dramatic warming on the globe), and effects of regional-scale climate change 
in the coming decades on tropospheric chemistry. The Upper Troposphere – Lower Stratosphere 
is a region of focus and rapid progress, enabled by novel measurement capabilities (with the 
NCAR GV HIAPER aircraft) and modeling tools. Substantial efforts also focus on chemistry of 
the middle atmosphere and links to the upper and lower atmosphere, based on pioneering 
satellite composition measurements and the development of WACCM. 
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4.1 Arctic Tropospheric Chemistry 
 
The composition of the Arctic troposphere is maintained by a complex array of natural 
and anthropogenic processes, including the emissions of reactive trace gases from snow 
and ice and the transport of pollution from biomass burning and anthropogenic sources 
from lower latitudes. Furthermore, this region expects to be strongly impacted by climate 
change, with significant decreases in the extent of sea-ice and snowpack already in 
evidence and temperature increases in the coming decades expected to exceed those seen 
at lower latitudes. ACD will continue its leadership role in the quantification of the 
processes controlling the composition of the Arctic (and, in general, polar) troposphere, 
and will use this knowledge to predict its evolution in future climates. 
 
 
 

Halogen blooms and ozone disappearance in the Arctic troposphere 
 

       
 
Figure 2.  (left) Ground-based measurements of ozone (top) and BrO (bottom) at Alert (78o N) 
during 21 April- 9 May 2000. Near zero ozone is observed for several days coincident with an 
episode of enhanced BrO. (right) Satellite measurements of BrO derived from SCIAMACHY 
measurements in April 2006.  Enhanced BrO is observed over extensive regions of the Arctic, 
especially near costal regions. Halogen-induced ozone loss will be the subject of the OASIS 
experiment in Spring 2009. 
 

 
 

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

 
It is necessary to quantify natural and anthropogenic processes impacting present day 
Arctic composition. This is a first step in developing the ability to predict future 
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composition in light of changing climate and population. Emphasis will be placed on the 
quantification of: 1) processes that control the exchange of trace gases between polar 
surfaces and the atmosphere, particularly those involved in the initiation and propagation 
of ozone/mercury depletion events (ODEs/MDEs); 2) effects of halogen chemistry on 
aerosol formation; and 3) impacts of boreal forest fires and increasing global pollution 
and industrialization on Arctic composition and snow albedo. Our participation in the 
university-led OASIS (Ocean- Atmosphere - Sea Ice – Snowpack) project, to be held in 
Winter-Spring 2009, will be a key element of this work. 
 
Action Items: 
 
1. Play a central role in OASIS field campaign near Barrow, Alaska (Feb-Apr., 

2009). This campaign will be the most detailed study carried out to date of 
surface-atmosphere trace gas exchange processes and their effects on Arctic 
photochemistry. 

 
2. Analyze data from the recently-completed ARCTAS campaign. In particular, a) 

study how boreal fires and other pollution sources influence Arctic composition 
and how this together with soot deposition impacts the Arctic radiation budget, 
and b) use tracers and direct measurements to study the unique oxidizing 
character of the Arctic boundary layer. 

 
3. Analyze data obtained in the OASIS-2009 campaign. Carry out modeling studies 

to test the consistency of the behavior of HOx/NOx/ClOx/BrOx species in the 
Arctic environment with known chemistry. Propose and conduct laboratory 
kinetics experiments to test hypotheses arising from these analyses. 

 
4.1.2 Frontier: Develop prediction capability for the evolution of Arctic 

composition 
 

The nature of the Arctic cryosphere is changing at an alarming rate, and these changes are 
likely to lead to qualitative changes in emissions (e.g., release of methane from thawing 
permafrost; increased halogen emission as the result of increased abundance of first-year 
sea-ice). However, the impacts of these transformations on future Arctic composition 
and, in particular, feedbacks between changes in composition and climate (both in the 
Arctic and globally) have yet to be examined.  

 
Action Items: 
 
1. Develop, in concert with the OASIS community, a strategy for observing the 

evolution of Arctic composition in the coming decades. Candidate activities might 
range from the development of long-term methane flux measurement capabilities, 
to the organization of future intensive field campaigns (ground-based, or 
potentially ship- or aircraft-based). 
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2. Include emissions from snow and sea-ice in global chemistry/climate models. In 
particular, use results obtained in OASIS-2009 and related campaigns to develop 
parameterizations of halogen activation for use in models.  

 
3. Use models to quantify the impacts of changing emissions on climatically-

relevant species (e.g., ozone, aerosols, and deposited soot), and identify and 
quantify chemistry/climate feedbacks associated with these changes. 

 
4. Utilize data on isotopic composition of methane to infer 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 climate is expected to warm. Model 
predictions also indicate that the atmosphere generally should become more humid 
(although regionally it could become drier). Changes in atmospheric composition can be 
foreseen as a consequence of the warmer temperatures and higher moisture content. 
These may be direct changes in atmospheric oxidant levels, resulting from different 
reaction rates, or emission fluxes. Modified atmospheric circulation patterns may also 
affect concentration levels via changes in atmospheric transport. Furthermore, subtle 
climate feedbacks may exist as a result of changes in radiative forcing. Attempts to 
reduce global warming, or to mitigate its effects, could also change atmospheric 
composition. ACD seeks to quantify changes in the atmospheric composition related to 
the evolving climate, to enable prediction of the chemical 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 in fundamental atmospheric parameters 
as the climate evolves. The primary focus will be on oxidants such as ozone and the 
hydroxyl radical, but studies will incorporate fully coupled emission and deposition rates. 
A suite of global measurements of ozone and many of its precursors (e.g., HCHO, NO2, 
CO, glyoxal) and aerosols are becoming available from satellites. These will be 
invaluable in constraining emissions of precursor molecules, and evaluating global 
variability and trends by comparison to historical simulations. 

 
Action Items: 
 
1.  Use the existing record of atmospheric observations (e.g., ozone, ozone 

precursors and aerosol distributions) to assess the baseline state of tropospheric 
composition. Identify the role of climate variability (e.g., ENSO) in driving the 
observed interannual and decadal variability. 

 
2. Investigate how regional temperature and precipitation changes impact the 

frequency and intensity of boreal wildfires and tropical biomass burning. In 
addition to this climate feedback, fires also represent a forcing through the 
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emission of large amounts of carbon gases and aerosols, and nitrogen oxides that 
lead to ozone formation. The sign of the overall effect is still uncertain, and there 
remains large uncertainty in the magnitude of emissions and how this relates to 
the biomass burned and the burn conditions. 

 
3. Use 3-D global models (CAM-Chem) to quantify the effects of climate change on 

methane emissions as a result of land-use change and potential melting of 
permafrost. Subsequent impacts on the methane lifetime resulting from changes in 
the oxidizing capacity of the atmosphere will be quantified. Changes in the 
modeled atmospheric abundance of methane will be used to constrain 
uncertainties in radiative forcing calculations. 

 
4.2.2 Frontier: Assessing the environmental impacts of using alternative fuels 

 
Accepting that climate is going to evolve over the next century, a large effort has been 
put into developing alternative biofuels to replace gasoline (e.g., ethanol, biodiesel). Such 
measures will not be without their own associated environmental impacts. For example, 
the use of biofuels could result in large scale changes in land cover and water usage. 
Cultivation of the crops required to produce biofuels may lead to large emissions of gases 
into the atmosphere, while the combustion of the fuel could lead to air quality impacts. 
Thus, the influence of alternative combustion fuels may range from local to global scales. 

 
Action Item: 
  
1. Investigate, via a combination of laboratory, field and modeling efforts, the 

atmospheric impacts of changing energy usage. More specifically, identify the 
likely emissions from proposed biofuels, measure the rates and products of their 
atmospheric degradation, and model the atmospheric impacts of their release and 
combustion. 

 
4.2.3 Frontier: Simulating the climate impacts of geo-engineering 

 
Several ideas have been proposed to reduce or reverse the effects of global warming 
through deliberate modification of the incoming radiation. Such measures include 
fertilization of the oceans to promote phytoplankton growth, release of SO2 into the 
stratosphere to enhance the aerosol layer to reflect incoming solar radiation, or the 
injection of sea spray into the atmosphere to increase cloud reflectivity. The concept of 
geo-engineering, while attractive in principle, has the potential of introducing unwanted 
side effects (such as increased sulfate nuclei in the stratosphere, which could enhance the 
ozone hole). Such climate change mitigation schemes will require thorough investigation. 

 
Action Item:  
 
1. Model potential effects of proposed geo-engineering efforts using CAM and WACCM, 

and be actively involved in community assessments of mitigation strategies.  
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4.3 Upper Troposphere – Lower Stratosphere (UTLS) 
 

The upper troposphere and lower stratosphere (UTLS) is a sensitive region of Earth’s 
climate because water vapor, ozone, cirrus clouds and aerosols strongly contribute to 
radiative forcing of the climate system. The UT and LS have very different chemical 
compositions. The strong gradients across the tropopause in ozone, water vapor and 
clouds/aerosols make this an especially challenging region to observe and simulate. The 
UTLS is a highly dynamic region influenced by a broad range of scales, from deep 
convection and gravity waves, to tropospheric weather systems and the large-scale 
stratospheric circulation. Studies of the UTLS seek to quantify and simulate the distinct 
processes and feedbacks in this region, and predict how the 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 university colleagues, ACD scientists 
will continue leadership of the NCAR UTLS initiative by targeting key issues of the 
coupled dynamics, chemistry, microphysics and radiation processes in the UTLS. During 
the last 5 years, the UTLS initiative has successfully conducted the START05 and 
START08 experiments using the NSF/NCAR GV aircraft. The START08 campaign 
included 18 separate HIAPER flights aimed at specific meteorological situations, with 
over 120 hours of unique data now in hand. Current work involves detailed analyses of 
these data in conjunction with satellite measurements and model simulations. Other 
UTLS research is aimed at using satellite data and model simulations to quantify 
chemical behavior of the tropical tropopause layer and the Asian monsoon anticyclone. 
ACD scientists will also continue to provide leadership for CCMVal assessments, as well 
as the SPARC UTLS Water Vapor Assessment and the SPARC Tropopause Initiative. 
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Lightning generated NO observed during START08 
 
 

 
 
 
Figure 3. Background map shows flight track of the NSF/NCAR GV aircraft (yellow line) during 
the June 18, 2008 flight of the START08 experiment, superimposed on a visible satellite image 
with radar reflectivity added as colors.  The inset shows measurements of NOy (red), NO 
(yellow), and ozone (blue) during a ~10 minute sequence near the large convection center, as 
indicated.  The enhanced NO (up to ~5 ppbv) is probably generated from lightning. The low 
ozone indicates that the airmass is mainly tropospheric.  
 

 
Action Items:  
 
1. Analyze START08 field experiment measurements in conjunction with satellite 

data to quantify the UTLS chemical structure in relation to the global tropopause. 
Compare with detailed simulations using regional and global models. Develop 
diagnostics for UTLS transport as a part of the ongoing process-oriented 
validation for chemistry-climate models (CCMVal). Include past and ongoing 
aircraft campaign data in these analyses, especially the NSF sponsored HIPPO 
(HIAPER Pole-to-Pole Observations of atmosphere tracers) experiment. 
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2. Host a major community workshop to assess progress in observations, modeling 
and theoretical understanding of the extratropical UTLS. 

 
3. Analyze satellite and aircraft observations of chemical species with a range of 

photochemical lifetimes to quantify transport behavior in the tropical and 
subtropical UTLS, including behavior of the Asian monsoon anticyclone. Include 
detailed comparisons with WACCM and other models. 

 
4. Investigate aerosol – ice cloud interactions with in-situ measurements from 

HIAPER (PACDEX, START08) and satellite data. Continue to develop 
community models to include advanced parameterizations of ice cloud 
microphysics and aerosol interactions. 

 
4.3.2 Imperative: Quantify influence of Deep Convection on UTLS Chemistry and 

Composition 
 
An important pathway for transporting anthropogenic, or boundary layer, trace gases into 
the UTLS region is via deep convection. The Deep Convective Clouds and Chemistry 
(DC3) field experiment, proposed to be conducted in spring 2011, will focus on 
continental, mid-latitude deep convection to obtain concomitant measurements of the 
composition of thunderstorm inflow and outflow and of convective outflow 12-48 hours 
after active convection. These measurements will quantify the rate of production of ozone 
from its precursors (nitrogen oxides produced mostly from lightning and hydrogen oxides 
produced from hydrocarbons emitted at the Earth’s surface), and provide data for 
evaluating model simulations that can give context, along with satellite data, of the 
influence of deep convection on the UTLS. Furthermore, during July and August when 
the North American monsoon is in place over the southern US, UT ozone concentrations 
are increased. A high-resolution regional chemistry simulation is being conducted to 
examine the processes contributing to this UT ozone enhancement.  
 
Action Items:  
 
1. Plan, prepare and conduct the DC3 experiment. Steps include a) submitting the 

science plan and experimental design overviews to NSF, b) conducting model 
simulations of expected thunderstorm conditions in the regions of interest, c) 
updating aircraft flight patterns based on recommendations from the NSF reviews 
and from pre-campaign model simulations, and d) developing critical 
instrumentation, such as the HOx measurements on the GV aircraft, and assisting 
in obtaining other needed instruments, e.g. a GV instrument for measurement of 
peroxides.  
 

2. Utilize a seasonal, high resolution WRF-Chem simulation to investigate the 
summer seasonal transition of upper troposphere composition with particular 
attention on ozone enhancements occurring during the North American monsoon. 
Analyses of these model results by post-doctoral scientists and graduate students 
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will greatly increase the science gained from this computationally-intensive 
simulation. 

 
4.3.3 Frontier: Beyond START08 and DC3 

  
Knowledge of the UTLS gained from the START08 and DC3 field experiments should 
be utilized to improve representation of the UTLS in chemistry-climate models. Future 
campaigns should expand the observational dataset to include geographic regions or time 
periods not well represented by prior missions. 

 
Action Items: 
 
1. Evaluate and improve our community models (WRF-Chem, CAM-Chem, and 

WACCM) by comparison with in situ field measurements (including START08 
and DC3 observations) with particular emphasis on deep convection and 
chemistry, UTLS aerosol-cloud interactions, and UTLS aerosol concentrations 
and composition. As part of these analyses, investigate the processes that 
contribute to ozone concentrations during periods of convective influence and the 
processes that contribute to the UTLS aerosol composition, especially those 
processes producing organic aerosols.  

 
2. In collaboration with the mega-cities group, explore options for a future field 

campaign that builds on the DC3 and MIRAGE field experiments to investigate 
the transport and evolution of trace gases and aerosols emitted from mega-city 
regions during periods of deep convection. 

 
3. Participate in NASA TC4 field experiments to investigate the tropical UTLS 

region. Explore a START08 type of study for winter and fall seasons and in 
regions outside North America. 

 
4.4 Middle Atmosphere 

 
The Middle Atmosphere (MA) is the region of the atmosphere from the tropopause to the 
lower thermosphere (~100 km). This is a region in which observational and modeling 
communities have historically had close connections, and we expect this to continue in 
the future. In this unit we emphasize two aspects: observations from a variety of 
platforms and modeling with WACCM. The past halogen driven decrease of stratospheric 
ozone is reasonably well simulated by WACCM. As a result of the Montreal Protocol and 
its extensions, the halogen content of the atmosphere is beginning to decline and the 
ozone reduction has slowed and even shown signs of reversing since 1996. However, the 
recovery of ozone will depend not only on halogen content, but also on solar UV output 
and changes in MA temperature and circulation in a future climate. Ongoing research will 
focus on improvements in WACCM (partly from detailed observational comparisons) to 
quantify future composition changes and uncertainties, together with the coupling of the 
MA to lower and higher altitudes. 
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4.4.1 Imperative: Determine the drivers behind observed changes in the middle 
atmosphere 

 
The role of chemistry, dynamics and radiation in causing the observed changes in the 
middle atmosphere will be analyzed, and used to challenge models that predict the role of 
the MA in affecting tropospheric climate. At present, there is an increasing suite of new 
observations, particularly from satellite-borne instruments, which reveal MA behavior 
with novel detail. These data should be thoroughly analyzed, validated, inter-compared 
and used to provide a challenge to MA models, especially WACCM. 

 
Action Items: 
 
1. Analyze data from SABER, ACE, HIRDLS, COSMIC, AIM and other satellite 

instruments to investigate key phenomena in the MA. Emphasis will be on 
exploiting the high (~ 1 km) vertical resolution of HIRDLS and COSMIC, and the 
trace species measurements from all the systems.  
 

2. Use long records of data from the NDACC network to quantify variability in key 
MA constituents, and use these results for WACCM validation.  Continue long-
term ground-based FTIR measurements as part of the NDACC network, and 
maintain leadership in the NDACC FTIR working group. 

 
3. Refine WACCM through checks against SABER, HIRDLS, COSMIC and other 

data to reduce systematic errors in the model. Use these comparisons to identify 
and evaluate possible measurement biases. Provide feedback to laboratory 
measurement requirements, and input to chemical models as they apply to the 
MA. 

 
4. Perform past and future numerical integrations and assess chemical and physical 

variability and diagnose whether it is the result of human activities (e.g. GHG 
increases) or natural processes (e.g. solar and geomagnetic variability). This will 
be achieved by participation in assessment simulations organized by CCMVal and 
WMO.  

 
5. Use observations and models to study the role of gravity waves and tropical 

waves in the momentum balance of the MA (especially the QBO). Determine the 
detailed structure of the transport circulation using observations from high-
resolution instruments like HIRDLS. 

 
4.4.2 Imperative: Investigate the coupling of the middle atmosphere with 

tropospheric climate and the upper atmosphere. 
 

Recent simulations have shown that models with a well-resolved middle atmosphere 
(“high-top” models) are capable of reproducing more closely the historical tropospheric 
temperature record compared to models that have a lower model lid (“low-top” models) 
and lack middle atmosphere processes, although the mechanisms are not well understood 
at present. Satellite observations also reveal a coupling of the ionosphere to atmospheric 
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tides originating in the troposphere. Together with HAO and CGD, we plan to use 
WACCM to explore the coupling of the MA with tropospheric climate and space 
weather.  

  
Action Items: 
 
1. Quantify the impact of middle atmosphere variability on weather and climate 

from the troposphere to the thermosphere. Explore the behavior of annular modes, 
by which the MA and lower atmosphere are believed to communicate, in 
observations and models. Together with HAO, study the thermosphere/ionosphere 
variability and irregularities, including sprodic-E, spread-F and longitudinal 
structures in ionospheric equatorial electroget, as related to upward propagating 
gravity waves, tides. 

 
2. Quantify differences in climate mean and variance between simulations run with 

CCSM/WACCM (high-top) and CCSM/CAM (low-top). Assess whether high-top 
models reduce model/data biases by comparison with observed climate datasets. 

 
3. Assess the role of the MA in controlling the generation and transmission of 

atmospheric tides and causing tidal variability. 
 

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

 
Conventional atmosphere-ocean climate models, including those that have participated in 
the most recent IPCC evaluation, have a poorly resolved middle atmosphere, and the 
minor constituents that drive radiative heating rates are, at least in part, specified from 
observations. These are important omissions insofar as the recovery of the stratospheric 
ozone layer has been shown in models to affect the response of tropospheric climate to 
changes in greenhouse gases. It is therefore necessary to explore the role of the middle 
atmosphere in tropospheric climate through modeling and analyses of observational data, 
with particular attention to the role of ozone depletion and recovery on the climate of 
Antarctica. 

 
Action Item: 
 
1. Contribute simulations to the IPCC 5th assessment report (AR5) performed with 

WACCM4 as part of CCSM using an interactive deep-ocean. Compare to CCSM 
AR5 simulations run with CAM4.  
 

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

 
New satellite observations reveal a coupling of the ionosphere to atmospheric tides 
originating in the troposphere. WACCM and WACCM-X are perhaps the only existing 
models capable of investigating the coupling between the lower atmosphere and space 
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weather. The use of these models to study variability in the MLT is closely aligned with 
the objectives of the NSF Coupling, Energetics and Dynamics of Atmospheric Regions 
(CEDAR) program (http://cedarweb.hao.ucar.edu). 

 
Action Items: 
 
1. Investigate the MLT response to rapidly changing solar and particle fluxes 

during solar storms. 
 
2. Improve the representation of ion-neutral coupling in WACCM and WACCM-X 

to study the response of the MLT to global-scale waves.  
 
3. Improve WACCM simulations of the mesosphere and lower thermosphere 

through comparison with data from AIM, and verify the inclusion of metal 
chemistry by checks against lidar data in collaboration with the NSF/CEDAR 
community. 

 
4. Explore the use of WACCM to assimilate observational meteorological fields to 

facilitate campaign model/data intercomparisons. 
 

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

State-of-the-art analytical and modeling capabilities are crucial to address the wide range of 
scientific Imperatives and Frontiers discussed in this Strategic Plan. In response to the analytical 
needs of the atmospheric chemistry community, ACD scientists have been leaders in the 
development of laboratory and field instruments required to characterize photochemical 
processes leading to ozone production, emissions of volatile organic compounds (VOCs) from 
natural and anthropogenic sources, and the formation and composition of aerosols. In addition, 
ACD scientists have pioneered the development and operation of satellite instruments designed 
to measure CO in the troposphere and a variety of chemical species in the stratosphere. ACD 
scientists have also been leaders in the development of numerical models designed to describe 
and predict the chemical composition of the atmosphere from process to global scales. This 
leadership is facilitated by close collaborations with ACD kineticists and MMM and CGD 
scientists. Over the next five years, ACD plans to incorporate new analytical technologies and 
numerical techniques into our current framework of instruments and models, in addition to 
maintaining and improving our existing capabilities. The philosophy behind the Frontiers in this 
Priority Area is to explore potential ideas, technologies, and techniques that allow ACD 
scientists to maintain cutting-edge research.  
 

5.1 Aircraft and ground-based instrumentation 
 

Observational atmospheric chemistry directly addresses a number of important scientific 
and societally relevant issues such as air quality (including oxidants), aerosols, toxins, 
visibility, crop damage, land use change, and global climate change. In the past, ACD has 
played a unique role leading to the development of novel measurement capabilities in 
response to the scientific needs of the institution and the scientific community. The 
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application of these instruments to ACD study areas is summarized in Table 1. Also 
included in Table 1 are proposed new instruments that will significantly enhance our 
analytical capabilities. A critical mass of observational capability in ACD provides a 
suite of highly desirable and diverse measured quantities to be brought to bear on aircraft 
and ground-based programs that cannot be supported by the University community alone. 
For this reason, ACD and EOL measurement capability is often requested for external 
field campaigns. ACD works with RAF to provide community instrumentation for 
regularly requested observations (e.g. CO, CO2, O3, water vapor) aboard NSF/NCAR 
platforms. The airborne science community has come to rely on these measurements in 
developing their field programs; recent examples include MIRAGE-MEX, ARCTAS and 
the START-08 campaigns. As a result of this reliance, instrument development and 
deployment projects at ACD often benefit from other agencies, including NASA, NOAA, 
and EPA. This synergistic support of ACD instrumentation projects by other agencies has 
leveraged the effort by NCAR in meeting its goals, the goals of the agencies involved, the 
wider scientific community, and society. 
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Table 1. Summary of the application and status of ACD measurement capability 
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CO, CO2, O3 Ongoing Yes  X X  X X X  
H2O vapor Ongoing Yes  X X X  X X  
NO, NO2, NOy  Ongoing Yes X X X X X X X  
PANs  Ongoing Yes  X X  X X X  
OH, HO2, RO2 Ongoing Yes  X X  X  X  
NMHCs, OVOCs Ongoing Yes X X X X X X X  
H2SO4, MSA Ongoing Yes  X  X X  X  
Airborne OHr Ongoing Yes  X   X  X  
TOF-PTRMS Ongoing Yes X X  X X  X  
TDCI-TOF-MS Ongoing Yes  X X  X X    
AirFlux Ongoing Yes X X  X X    
CFS Ongoing Yes X   X X    
FTIR Ongoing Yes  X X  X X X X 
j-values, C-O3, 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, CO2, O3: Carbon monoxide, carbon dioxide, and ozone Community Instruments 
H2O vapor: Water vapor Community Instrument  
NO, NO2, NOy: Inorganic nitrogen species  
PANs, org NO3: Peroxyactyl nitrates  
OH, HO2, RO2: Hydroxyl radical, hydroperoxy radical, alkyl peroxy radicals 
NMHCs, OVOCs: Nonmethane hydrocarbons and oxygenated volatile organic compounds 
H2SO4, MSA: Sulfuric acid and methane sulfonic acid 
Airborne OHr : Airborne OH reactivity instrument 
TOF-PTRMS: Time of flight proton transfer mass spectrometer for fast measurements of VOC, SVOC 
and OA based on chemical ionization 
TDCI-TOF-MS : Time of flight mass spectrometer for measurement of ultrafine particle composition 
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AirFlux : Development of airborne chemical flux systems for estimating emissions by overflight of source 
region (e.g. forests, cities) 
CFS: Development of low cost long-term canopy-tower chemical flux systems 
FTIR : Fourier transform infrared spectroscopy 
j-values, C-O3, AOD: photolysis frequencies, column ozone, and aerosol optical depth 
PER: Development of instrument for hydroperoxides 
RO2: Development of method for speciated RO2 measurements 
ChemPack: Development of small, ideally low cost, chemistry packages for deployment at multiple 
locations 
FastN: Instrument development project for fast measurements of organic nitrogen species such as alkyl 
nitrates 
Fast CH4: Cavity ring down instrument for methane flux measurements 
Micro-NOxyO3: Smaller and lighter instrument with same or better sensitivities, 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 analytical capabilities 

 
To meet future challenges, it is critical for ACD to maintain and expand their 
observational capabilities. Maintenance, in this sense, necessitates use of the same 
fundamental techniques while improving the components (e.g. state-of-the-art detectors, 
electronics, sampling, data reduction algorithms) to enhance the instrument’s capabilities. 
Improvements include increase in sensitivity, data collection rates, or reductions in size 
(especially important for aircraft instruments). Expansion, in contrast, requires research-
based development of new techniques with the goal of expanding existing capabilities 
and measuring new compounds or parameters. In some cases these needs are clear, 
however in many cases ACD will need to rise to the challenge of addressing new 
measurement needs as we gain a more detailed understanding of atmospheric processes. 
ACD will also consider whether sufficient capability exists within the community when 
deciding whether or not to maintain or expand capabilities.  

 
Action Items: 
 
1. Replace components and software in existing instrumentation as improved 

versions become available. Electronics expertise, mechanical design and 
fabrication capabilities must be maintained and expanded as part of this 
improvement. This requires additional operations funds and an additional 
Technician II position. Track funding and support for instrumentation (S&B, 
M&S, PS and equipment) and assess whether needs are being met. 

 
2. Replace existing CO2 instrument to improve precision and sampling rate. 
 
3. Expand the use of Time of Flight Mass Spectrometry (TOF-MS): a) to increase 

sampling speed for a subset of organic compounds, particularly on airborne 
platforms; b) its application to proton-transfer mass spectrometry would increase 
substantially (perhaps 10-fold) the number of species for which fluxes could be 
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simultaneously measured; and c) the use of TOF-MS in the analysis of ultrafine 
aerosol composition would increase the mass range over which compounds could 
be quantified and lead to greater understanding of those processes leading to 
growth of the smallest aerosols. These activities require the purchase of twoTOF-
MS systems. 

 
4. Improve and expand the airborne and canopy-tower chemical flux analytical 

systems. This requires an additional Associate Scientist position. 
 

5.1.2 Imperative: Develop new analytical capabilities 
 

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

 
Action Items: 
 
1. Develop the capacity to measure the individual organic peroxy radicals and 

develop an instrument to measure hydroperoxides. This effort will require an 
additional Associate Scientist position. 

 
2. Develop fast-time response instrumentation for measurements of organic nitrogen 

species such as alkyl nitrates and other non-PAN type organic nitrogen 
compounds.  

 
3. Develop small portable chemistry packages for measurement of key species (O3, 

NOx, CO, CO2, aerosols, and potentially other tracers such as some VOC’s) at 
multiple locations. 

 
4. Develop a fast methane instrument for flux measurements. 
 
5. Continue to explore new technologies for improvement or expansion of ACD 

instrumentation capabilities. 
 

5.1.3 Imperative: Adapt current analytical capabilities to additional airborne 
platforms 

 
A current and near-term instrumentation priority is the adaptation of many of these 
instruments to airborne platforms in addition to the C-130, P3-B and DC-8, such as the 
NASA WB-57, the Duke HOP, the Wyoming King Air, and in particular the Gulfstream-
V (G-V) platform. Unmanned aerial vehicles (UAVs) and unmanned aircraft systems 
(UASs) such as the Global Hawk will also be of interest as they become available for 
atmospheric research. Instrumentation modifications for aircraft such as the G-V are 
necessarily complex and expensive because of payload limitations and stringent FAA 
certification requirements. Adaptation often includes reduction of instrument size and 
weight to the extent possible, and transition to full automation (as required for some 
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platforms). The latter includes remote access to control and assess the performance of 
instruments by a ground-based operator. Development of these new instruments will 
allow detailed atmospheric composition and evolution studies to be performed from the 
ground to the stratosphere (up to about 60,000 ft).  

 
Action Items: 
 
1. Complete development of the OH/HO2 and TOGA instruments for the GV. 
 
2. Develop a small, lightweight NOxy/Ozone instrument for deployment on a UAV 

or UAS. 
 
3. Continue adaptation of flux instruments for the Duke HOP. 
 
4. Participate in community planning workshops/meetings on instrumentation needs 

for UAVs and UASs and propose ACD instruments where appropriate. 
 

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

 
A testing and calibration facility is needed to assess the performance of instruments. 
While temporary facilities have been constructed in the past for ground-based instrument 
comparisons, a more permanent facility extendable to a variety of trace gases and 
aerosols would provide a strong benefit to other groups in ESSL and EOL, and also to the 
wider research community. The most basic function of such a facility will be to provide 
accurate dilution of NIST traceable standards. The next level will include testing at 
reduced temperatures and pressures characteristic of the extreme conditions aboard 
airborne platforms and various study regions, and sampling at speeds up to 200 m/s. 

 
Action Item: 
 
1. Secure needed funding to design, build, operate and maintain a community 

instrument and inlet test and calibration facility. This is needed for in- house 
instruments, but will also be available, and of great value to observational groups 
within the larger community. 

 
5.1.6 Frontier: Propose development of a new framework for internal instrument 

support 
 

All programs in NCAR that provide instrumentation for the community could benefit 
from a new framework for internal instrument support, such as an NCAR-wide 
Instrument Fund. Such an internal funding mechanism for instrumentation could also 
provide important matching funds in support of external agency instrument development 
funds. 

 
Action Item: 
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1. Form an NCAR-wide instrumentation group that would design a prototype plan 

for an Instrument Fund. A report with recommendations would be written and 
iterated with relevant Directors within NCAR and delivered to the Executive 
Committee. 

 
5.2 Satellite data and instrumentation 
 
ACD has a long history in remote sensing of atmospheric composition. On a number of 
satellite instrument projects, it has provided leadership at every stage from mission 
conception through instrument design, algorithm development, operational data 
processing, to significant scientific analysis. ACD is currently responsible for 
maintaining the operational data processing of two instruments flying on NASA Earth 
Observing System Satellites: Measurement Of Pollution In The Troposphere (MOPITT) 
on the Terra satellite launched in 1999 and High Resolution Dynamics Limb Sounder 
(HIRDLS) on the Aura satellite launched in 2004. 
 
The nadir viewing MOPITT IR gas correlation radiometer measures carbon monoxide 
(CO). This gas is produced by incomplete combustion and atmospheric oxidation 
processes and is an excellent tracer of atmospheric pollution transport. The 8 years of 
MOPITT profile measurements provide a unique record of the seasonal and inter-annual 
variability of anthropogenic pollution. The limb viewing HIRDLS IR radiometer 
measures the thermal emission signatures of a number of trace species in the upper 
troposphere and stratosphere. In particular, the high vertical resolution of HIRDLS 
provides unique information about atmospheric structure and exchange in the UTLS 
region. 

 
5.2.1 Imperative: Maintain existing remote sensing capabilities and expertise 

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

 
Action Items: 
 
1. Continue operational processing in ACD of MOPITT and HIRDLS instrument 

raw counts into the final retrieved geophysical products for delivery to NASA. 
These products are then made available for free public distribution and user 
education and support and constitute a major service by ACD to the scientific 
community. 

 
2. Develop capability to process other sources of satellite data, such as the European 

platforms, for our needs and also those of the wider community. 
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3. Extend the HIRDLS algorithms to allow recovery of water vapor, methane, NO2, 
and perhaps additional species. At present, not all the species that HIRDLS was 
designed to measure can be recovered, due to the lack of detail in the models of 
the blockage in the optical train. This will require improving the physics and 
fidelity of the correction algorithms and modifying some aspects of the retrieval 
code. The data will then be validated, and released to the community. 

 
5.2.2 Frontier: National planning of new satellite missions 

 
In response to the National Academy’s Decadal Survey, NASA is working to define the 
requirements for several new satellite missions. NCAR involvement in the planning for 
these missions provides a way for the organization to maintain and further develop its 
leadership in remote sensing measurement science and data interpretation.  

 
Action Items: 
 
1. Participate, and play a key role, in NASA planning programs and workshops for 

the design of new satellite missions and new satellite instruments, in particular the 
Compact Imaging Spectro-Radiometer (CISR) instrument for measuring 
tropospheric CO from a Geostationary Satellite.  

2. Explore plans for a next generation limb scanner for measurements in the middle 
atmosphere in order to obtain critical data for monitoring ozone changes and 
understanding their causes. Additional resources will be needed to assist with this 
activity if it goes beyond initial stages. 

 
5.3 Community Models 
 
The application of chemistry models provides an assessment of our understanding of key 
atmospheric processes and interactions. Regional and global tropospheric models are 
needed for the design, forecasting and analysis of field campaigns. The global 
tropospheric and stratospheric models are key tools in the interpretation of the current 
suite of satellite chemical observations. Our state-of-the-science chemistry-climate 
models are being used for international intercomparison exercises conducted by SPARC 
(CCMVal), the WMO/UNEP Ozone Assessment, IGAC (Atmospheric Chemistry & 
Climate) and UNEP (HTAP), and are expected to be included in the next IPCC report. 
The global models are also being used to make important contributions to the evaluation 
of proposed geo-engineering and mitigation activities, as well as the impact of emissions 
changes due to future land and energy use scenarios. These models are key components 
in the development of the planned NCAR Chemical Weather system and Earth System 
Model.  

 
ACD is currently leading the development of a number of community models, ranging 
from process models to regional and global 3-dimensional models and the Earth's surface 
to the thermosphere. TUV, which calculates solar visible and UV radiation, and box 
models using the NCAR Master Mechanism (MM) and the GECKO-A self-generating 
mechanism, are used for the study of detailed chemical processes at point and column 
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scales. Models of emissions natural biogenics (MEGAN) and open fires (ACD pyrogenic 
model) are used to provide time-varying emissions of these key atmospheric chemistry 
drivers in 3-d models. WRF-Chem is the regional Weather and Research Forecasting 
model coupled with chemistry and is used to study air quality and chemical processes on 
the city to continental scale. CAM-Chem and WACCM are global coupled chemistry-
climate models linked to the CCSM Community Atmosphere Model with chemistry 
schemes appropriate for studies of the troposphere, and the stratosphere to thermosphere, 
respectively. 

 
Each of the scientific themes of the ACD strategic plan requires application and/or 
further development of at least one of these models (Table 2). Application of the models 
for analysis of observations also leads to improvement of the models.  

 

Table 2. Summary of the scientific applications of the ACD models. 

 

Theme\Models Process Emissions WRF-Chem CAM-Chem WACCM 

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-the-art chemistry models  
 

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

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

Flexible box models will continue to be used to test new and existing chemical 
mechanisms, such as oxidation schemes of biogenic compounds, halogen 
chemistry, secondary organic aerosol (SOA) formation, cloud chemistry, and the 
WRF-Chem and CAM-Chem chemical mechanisms. These highly detailed 
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process models are not used directly in three-dimensional models, but provide the 
scientific benchmarks for the development of efficient parameterizations. 

 
2. Emissions modeling (MEGAN/pyrogenic) 

 
MEGAN will continue to be improved and extended for more species as new 
observations become available. Continued improvement of the ACD pyrogenic 
emissions model is needed to enhance the quality of biomass burning emission 
estimates which are essential input for realistic tropospheric chemistry 
simulations. A new support scientist is needed to support community requests for 
assistance running MEGAN and for fire emissions output.  

 
3. WRF-Chem 
 

WRF-chem is a key tool in ACD, with the most direct application to field 
programs, aircraft measurements and regional weather-climate modeling. WRF-
Chem needs significant development to adequately address ACD's scientific 
goals. The most critical improvements include: representation of aerosol 
formation processes such as secondary organic aerosol (SOA) chemistry and 
nucleation, incorporation of online biogenic emissions, updates of wet and dry 
deposition, improving upper boundary conditions, and the addition of lightning 
NO production. New and existing SOA formation approaches (e.g., 
oligomerization) will be added and assessed within the Aerosol Testbed Initiative 
in collaboration with DOE/PNNL. The addition of the MOZART chemical 
mechanism is needed for cross-scale studies with CAM-Chem. The assimilation 
of chemical observations into WRF-Chem will be developed in the DART 
framework in collaboration with IMAGe. Model developments will be made in 
close collaboration with scientists in MMM and CGD, and our collaborators at 
NOAA, DOE/PNNL and U. North Carolina. 1-2 additional support scientists are 
needed to prepare, conduct and help analyze model simulations as part of  these 
development efforts and in support of the scientific activities across the division.  

 
4. CAM-Chem 
 

While CAM-Chem is currently applicable for many tropospheric chemistry 
studies, a number of improvements are needed. Tropospheric halogen chemistry 
must be added to support the OASIS field experiment and other polar chemistry 
observations. Also needed are: the improvement of the radiation and photolysis 
scheme, wet deposition scheme, and interaction with surfaces 
(snow/ice/vegetation/ocean) and the feedback deposition of aerosols (soot) on 
sea-ice melt. The simulation of aerosols will be improved through incorporation 
of a modal scheme (DOE/PNNL), the interaction with cloud microphysics, 
heterogeneous chemistry, and production of SOA. Data assimilation of chemical 
and aerosol observations will be further developed using the current CAM-
Chem/DART. We will continue to work closely with our CGD, IMAGe, 
university and other agency (NOAA, DOE) collaborators. At a minimum, a 



41 
 

scientific leader and 1-2 support scientists are needed to develop and test these 
needed improvements, and perform and analyze model simulations.  

 
5. WACCM 
 

A version of WACCM3, based upon CAM (3.1.9), was released to the scientific 
community in summer 2008. That model is thoroughly tested and has been 
used successfully in many recent studies (see 
http://waccm.acd.ucar.edu/Pubs/index.shtml). For the next CCMVal assessment, 
simulations will be performed with a version based on CAM (3.5.48); this 
contains many improvements including the ability to run with a deep ocean 
model, a 'source-driven' gravity wave parameterization, better representation of 
energetic particle effects, and the ability to drive WACCM with reanalysis winds 
and temperatures. In parallel, ACD is collaborating with HAO on extending the 
upper boundary of the WACCM to 500 km and adding detailed ionospheric 
physics. Future development activities include improving model representation of 
key dynamical variability (the Quasi-Biennial Oscillation, stratospheric 
warmings, and tides), by improving the representation of the parameterization of 
gravity waves and convection. WACCM is expected to contribute simulations to 
the IPCC AR5 to assess the influence of including a well-resolved middle 
atmosphere on climate change predictions. These simulations will need to be 
performed with WACCM based on CCSM4 (to be released in 2009), and it will 
be necessary to migrate and validate codes under this new framework. Additional 
associate scientist support would ensure WACCM can deliver the required AR5 
simulations, and allow updates to WACCM to be released to the community in a 
timely manner. 

 
5.3.2 Frontier: Bridging the gaps encountered when merging observations with 

models 
 

The gaps encountered when trying to directly compare or merge observations (point 
measurements, aircraft data or satellite observations) with model output are significant. 
Exploration and development of a new capability to address these gaps will allow the 
regional and global impact of local-scale emissions and processing to be investigated and 
also exploit the use of models to choose optimal observing strategies.  

 
Action Item: 
 
1. Develop tools to bridge the gaps between the chemical and physical complexity of 

process models and the spatial limitation of in situ measurements with the 
regional-global representations of 3-d models and satellite data. A post-doc or 
visitor should be actively recruited to begin to explore and develop these new 
tools. 

 
5.3.3 Frontier: Development of an Earth System Model 
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Increasing supercomputer capabilities expected in the near future provide an opportunity 
for substantial improvements to models employed in simulations for weather and climate 
research. NCAR is embarking on development of a next generation Earth System Model 
(ESM) that should surpass the simulation capabilities currently fulfilled by CAM (climate 
applications) and WRF (weather and regional climate applications). It should also 
provide improved capabilities in the areas of chemical weather prediction, observational 
campaign support, data assimilation and simulating atmosphere-geospace interactions. 
ACD will take a leading role in providing new model physics packages to facilitate ESM 
development in the areas of chemistry, radiation, aerosols and aerosol-cloud/aerosol-
chemistry interactions. To perform this ambitious development work, a level 4 Software 
Engineer and at least half-time of a Scientist 3 or 4 needs to be dedicated to this effort.  

 
Action Item: 
 
1. In the near term, ACD can progress towards developing an ESM package by: 

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

b. Unifying radiative transfer, photolysis, and physical parameterizations 
(convection, boundary layer, deposition, etc.) in both WRF and CAM. 

c. Couple emissions models to 3-D models to provide climate-dependent 
emissions (biogenic, oceanic, fires, and anthropogenic using energy/economy 
models) and to forecast wildfires. 

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

 
6. Summary of key areas for future support 

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

 
Imperative Tier A 
 

·  Senior chemical instrumentation scientist to lead development and application of ACD 
and community instruments, and analysis of scientific data.  This is intended to replace 
senior personnel lost over recent years, and maintain ACD leadership in this area. 

·  Scientist for supervising tropospheric chemical modules for CAM-chem and WRF-chem, 
and leading scientific research on global and regional tropospheric chemistry.  This is 
intended to replace senior personnel lost over recent years. 

·  Time-Of-Flight Proton Transfer Reaction Mass Spectrometer (TOF PTRMS) to 
dramatically enhance ability to quantify biogenic trace gas fluxes. 
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·  Time-Of-Flight Mass Spectrometer (TOF-MS) to integrate into the existing Thermal 
Desorption Chemical Ionization Mass Spectrometer (TD-CIMS) instrument to 
significantly enhance the ability to identify and quantify the chemical composition of 
aerosols. 

 
Imperative Tier B 
 

·  Technician and Associate Scientist for analytical capabilities. 

·  2 Associate Scientists to support development, testing, and analysis of WRF-Chem and 
CAM-Chem. 

·  Associate Scientist to support community requests for MEGAN and the fire emissions 
output. 

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

·  Satellite instrument simulation Scientist to develop simulated observations for OSSE 
studies 

·  Associate scientist to support IPCC AR5 simulations using WACCM 

 
Frontier actions 
 

·  Level 4 Software Engineer and ½ time of a Scientist 3 or 4 for developing new Earth 
System Model physics modules in the areas of chemistry, radiation, aerosols and aerosol-
cloud-chemistry interactions.   

·  Funding to develop compact, low power instrument suites to measure aerosol size 
distributions and bulk aerosol chemical composition. 

·  Funding to design, build, and operate a community instrument and inlet test and 
calibration facility 

 
7. ACD contributions to defining the Fabric of NCAR 
 
ACD contributes to and defines the fabric of NCAR in four major ways – by providing 
leadership in the field of atmospheric chemistry; by developing community resources; by 
educating and training future generations of scientists and leaders; and by fostering 
collaborations among scientist inside and outside of NCAR. Activities that demonstrate these 
contributions are listed below. 
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Providing broad-based intellectual and societally-relevant leadership in atmospheric 
chemistry  

 
·  Lead and participate in international assessment activities, including: UNEP/WMO 

Ozone Assessments, SPARC CCMval, IGAC/SPARC Atmospheric Chemistry and 
Climate, UNEP HTAP, and IPCC. 

 
·  Provide to policy-makers information needed to mitigate air pollution in urban areas 

and to mitigate crop damage from deteriorating air quality. 
 
·  Assess the impacts of potential alternative fuel policies and geo-engineering 

strategies. 
 

Development of community instruments and models  
 

·  Continue to provide to the community state-of-the-art, unique chemical 
instrumentation capability and expertise. 

 
·  Explore and implement, through community interactions in complementary fields 

(e.g. Analytical Chemistry), new methods for measurement of important species and 
variables. This includes making use of visiting senior personnel, developing 
workshops, and enhancing interactions with colleagues the US and abroad. 

 
·  Create a community instrument test and calibration facility. 

 
·  Continue to engage a wide community in the development and application of 

community chemistry models. 
 

·  Develop satellite data resources for the community. 
 

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

·  Through our research on Arctic chemistry and climate, establish new and important 
connections between the atmospheric chemistry community and the global climate 
modeling community (e.g., the Polar Climate and Chemistry-Climate working groups 
in CCSM). 

 
Education and training the next generation of scientists and leaders  

 
·  Establish a program that will bring early career scientists from a wide range of 

disciplines to NCAR for a period of 6 to 24 months to work on atmospheric chemistry 
research with a focus on organic gases and aerosols. In addition, create an 
international network for these scientists that will provide mentoring, training and 
facilitate collaboration.  



45 
 

 
·  Entrain students and post-doctoral scientists into all ACD research activities. 

 
·  Continue to host seminars and workshops related to all areas of research within ACD. 
 

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

 
·  Maintain and enhance the reputation of NCAR ACD as a global leader in the 

organization of, and participation in, large community-wide field campaigns related 
to atmospheric composition and air quality (e.g., BEACHON, OASIS, DC3, future 
Mega-city campaigns). 

 
·  Establish collaborations (e.g., with ISSE, EPA, NOAA, USDA, medical researchers) 

that enhance our ability to assess and mitigate the impacts of changing air quality on 
human health and the environment. 

 
·  Serve as a critical nexus of information between tropospheric and stratospheric 

science by providing community leadership for discussions of tropopause structure 
through hosting workshops and leading international assessments. 

 
·  Through the development of a chemical data assimilation capability, strengthen and 

develop collaborations within ACD, ESSL and NCAR, as well as with universities, 
other research centers and international organizations. 
 

·  Develop new research tools that will enable stronger connections between modelers 
and observationalists. 

 
 
 


