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ABOUT THE FRONT COVER

Images on the program cover highlight three recent field campaigns that address
ASR scientific objectives. Please refer to the agenda for related topical sessions.

AMIE: Led by principal investigator Charles Long from Pacific Northwest National
Laboratory, AMIE is obtaining data from an ARM Mobile Facility deployment on

Gan Island in the Maldives and from ARM’s fixed site on Manus Island, Papua New
Guinea, from October 2011 through March 2012. Data gathered at these two sites will
allow studies of the initiation, propagation, and evolution of convective clouds within
the framework of the Madden-Julian Oscillation.

GVAX: Led by principal investigator V. Rao Kotamarthi from Argonne National
Laboratory, GVAX is using ARM Mobile Facility instruments to gather data in Nainital,
located in northern India, from June 2011 through March 2012. The objective of this
field campaign is to obtain measurements of cloud, precipitation, and complex
aerosols to study their impact on cloud formation and monsoon activity in the region.

MC3E: Led by principal investigator Michael Jensen from Brookhaven National
Laboratory, MC3E took place at ARM’s Southern Great Plains site from April to May
2011. This highly complex campaign took advantage of new instrumentation at SGP,
as well as supplemental instrumentation and coordinated aircraft. The resulting
characterization of convective cloud systems, precipitation, and their environment will
provide details for the representation of cumulus clouds in computer models that
have never before been available.

http://asr.science.energy.gov
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1.0 Executive Summary

Introduction

This document contains the summaries of papers presented in poster format at the 2012 Atmospheric
System Research (ASR) Science Team Meeting held in San Antonio, Texas. Two hundred and forty
posters were presented during the Science Team Meeting. Posters were sorted into the following subject
areas: aerosol-cloud-radiation interactions, aerosol properties, atmospheric state and surface, cloud
properties, dynamics/vertical motion, field campaigns, infrastructure and outreach, instruments, modeling,
precipitation, and radiation. To put these posters in context, the status of ASR at the time of the meeting
is provided here.

Background

The U.S. Department of Energy’s (DOE) Atmospheric System Research (ASR) is an observation-based
research program created in October 2009 to advance process-level understanding of the key interactions
among aerosols, clouds, precipitation, radiation, dynamics, and thermodynamics using data from the
Atmospheric Radiation Measurement (ARM) Climate Research Facility. The ARM Facility is a DOE
scientific user facility for the study of global climate change by the national and international research
community. Planned enhancements to the ARM Facility, funded through the American Recovery and
Reinvestment Act of 2009, were implemented in 2010 and 2011 and resulted in 143 new instruments and
increased research capabilities for the ARM user community, including ASR scientists.

A tight coupling of the ARM Climate Research Facility and ASR will allow the atmospheric system to be
better observed and understood in a comprehensive, end-to-end fashion. ASR is designed to recognize
the atmospheric system as an aerosol-cloud-precipitation continuum operating within a microphysical and
macrophysical environment characterized by radiation, dynamics (including meteorology), and
thermodynamics. That continuum stretches seamlessly across scales from gases and primary particles
emitted to the atmosphere, through evolving aerosol populations, to the clouds that form on aerosol
particles, and the cloud systems that produce precipitation to complete the hydrologic cycle. ASR’s
defining objective is a detailed, process-level understanding of this system that leads to improved
simulations by climate models.

References

Atmospheric System Research (ASR) Science and Program Plan. 2010. U.S. Department of Energy.
http://science.energy.gov/~/media/ber/pdf/Atmospheric_system_research_science_plan.pdf.
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2.0 Aerosol-Cloud-Radiation Interactions

Absorption of sunlight by cloud-borne black carbon aerosol
Steven Ghan, Pacific Northwest National Laboratory
Xiaohong Liu, Pacific Northwest National Laboratory

Absorption of sunlight by black carbon (BC) aerosol can be enhanced several-fold when the particles are
embedded within a larger scattering medium such as water. This enhancement is thought to contribute to
the large estimates of radiative warming by anthropogenic BC. However, cloud-borne BC constitutes only
a small fraction of the total atmospheric burden of BC, so solar absorption by cloud-borne BC is unlikely
to contribute a large fraction to the total atmospheric absorption. Yet the collocation of cloud-borne BC
with clouds suggests a potentially important role through the so-called semi-direct mechanism in which
warming due to solar absorption in clouds reduces the cloud liquid water content. We have implemented
solar absorption by cloud-borne BC in the Community Atmosphere Model (CAMS5) and have estimated
the impact of anthropogenic aerosol on the planetary energy balance with and without that absorption. We
find that the direct effect of the cloud-borne BC is smaller than 0.01 W/m2, and the semi-direct effect is a
cooling of less than 0.1 W/m2, with contributions from cloud changes on longwave radiation larger than
shortwave radiation. This suggests that absorption of solar radiation by cloud-borne BC can be neglected
in climate change simulations.

Analysis of trends in observations of aerosol concentration and
radiation, also development of 20-year emission inventories
and trend analysis of emissions
Chuen Gan, National Exposure Research Laboratory
Jia Xing, U.S. Environmental Protection Agency
Jonathan Pleim, U.S. Environmental Protection Agency
Rohit Mathur, U.S. Environmental Protection Agency

Anthropogenic aerosols play a key role in dictating global and regional trends in “dimming and
brightening.” However, the decadal variation in the distribution of atmospheric aerosols and clouds and
their effect on the radiation budget are not well understood. In order to better evaluate and characterize
the behavior of aerosol and clouds in atmosphere, a long-term study of their optical properties (e.qg.,
optical thickness, single-scattering albedo, and extinction coefficient) and physical properties (e.g., size
distribution and spectral refractive index) as well as their effects on surface radiation is critical.
Simulation of these trends requires an accurate description of emissions of aerosol precursors. Title IV of
the U.S. Clean Air Act Amendments required annual emissions of SO2 and NOXx to be reduced by ten and
two million tons, respectively, from their 1980 levels. It is believed that these reductions of SO2 and NOx
emissions have caused considerable effects on anthropogenic aerosol loading and regional radiation
budgets over the past two decades, which is a good reference period to be researched. The main task of
this study is to understand the multi-decadal changes in surface solar radiation and its relationship with
the historic emission trends and associated aerosol burdens during 1990-2010. By utilizing surface
measurements (e.g., ARM sites, AERONET, and CASTNET) with satellite measurements such as
MODIS, CERES and CALIPSO, we obtain a better picture of the aerosol effects and radiation trend.
Approximately 20 years of measurements from several sources (e.g., CASTNET, SURFRAD, and
AERONET) are presented. The 20-year emission inventories over North America are developed
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correspondingly. National emissions inventory (NEI) air pollutant emissions trends data as well as
selected years of NEI data sets and detailed hourly continuous emissions monitoring (CEM) data were
used to best-estimate the emissions in both total amounts and spatial/temporal variations. This newly
developed 20-year emission inventory is now being used for 3D CTM simulations of this period. From
our results, the anthropogenic emissions of SO2 and NOx were significantly decreased by 66% and 49%,
respectively, over the past two decades in the United States. Trends in aerosol loading and radiation
inferred from surface and remotely sensed platforms will be analyzed in conjunction with estimated
trends in SO2 and NOx emissions.

Ceilometer observation of clouds during Indian summer monsoon:
Relation with boundary layer and surface meteorology
Narendra Singh, Aryabhatta Research Institute of Observational Sciences
Manish Naja, ARIES
D Phanikumar, ARIES
V Pant, ARIES
Umesh Dumka, ARIES
S Sahai, ARIES
P Pant, ARIES
Ram Sagar, ARIES
S. Satheesh, Indian Institute of Science
K Krishna Moorthy, Space Physics Laboratory
V. Rao Kotamarthi, Argonne National Laboratory

Monsoon is an economically important weather pattern in the Indian subcontinent and the most
anticipated weather event. Yet it is only partially understood and notoriously difficult to predict. In order
to understand this phenomenon at synoptic scale, it is essential to disseminate the cloud type and patterns
at local scales during the season. Nainital is a high-altitude station (nearly 2 km above MSL), which often
witnesses the pre-monsoon thunderstorms and rains basically driven by localized convective clouds.
However, the contribution to the rains from monsoon clouds is more significant and can be better utilized
to understand cloud microphysics. To study the cloud-base height and hence indicating the cloud type
(basically stratiform or boundary-layer clouds) a Vaisala ceilometer (VCEIL) installed at the ARM
Mobile Facility (AMF1) site (ARIES), in Nainital as part of the GVAX field campaign has been
operational since June 2011. VCEIL is a self-contained, ground-based, active remote sensing device
designed to measure cloud-base height to a maximum of 7.6 km and potential backscatter signals by
aerosols. It transmits near-infrared pulses of light (905 nm), and the receiver telescope detects the light
scattered back by clouds and precipitation at every 15 m in the vertical. These measurements are used to
produce derived products that are recorded, and the data archived during monsoon are analysed. The day-
to-day first cloud base observed during the month of June 2011 ranges between 400 m to 3000 m, above
ground level. In addition, the data obtained from the radar wind profiler and the collocated facilities for
meteorological parameters are utilized to understand the lower atmospheric dynamics over the site of
study. Details will be discussed during the poster presentation.
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Cirrus cloud observations over different meteorological and
aerosol conditions
George Kablick I11, University of Maryland
Zhanging Li, University of Maryland

This poster presents a global analysis of cirrus clouds with A-Train observations for different
meteorological regimes and background aerosol conditions. Baseline properties are established for cirrus
in the tropics and midlatitudes, focusing on active convection and convective detrainment in both regions,
and large-scale frontal cyclones in the mid-latitudes. Comparisons are made with cases that have
increased aerosol loading from either dust or smoke entrainment. For cirrus with increased aerosol
loading, CALIPSO total attenuated backscatter and MODIS radiances are consistent with dense, optically
thick clouds, but CloudSat equivalent reflectivities become negligible for cases with the most extreme
aerosol amounts. This may indicate that aerosols are affecting the ice particle size distribution by
increasing the number concentration and decreasing the effective radius.

Combined effect of urbanization and aerosol on the light precipitation
in the mid-Korean peninsula
Byung-Gon Kim, Gangneung-Wonju National University
Seung-Hee Eun, Gangneung-Wonju National University
Kyo-Sun Lim, Yonsei University
Song-You Hong, Yonsei University

Many observational and numerical studies have indicated that urbanization and aerosols can change or
modify local and nearby meteorological phenomenon. Our previous study presented the analysis of long-
term (1972~2007) precipitation trends in the mid-Korean peninsula around Seoul for the westerly
condition, along with the WRF model simulations with the change of anthropogenic heat and surface
roughness length. From 1972 to 2007, the precipitation amount (PA) and frequency (PF) together in the
downwind region of Seoul significantly increased for the westerly and light precipitation (PA<]1 mm d-1)
cases, while PA and PF in the mountainous area decreased. Especially the enhancement ratio of PA and
PF for the downwind area versus urban area remarkably increased, implying the possible urbanization
effect on the downwind precipitation. The WRF simulation applied for a golden case (2009/2/11) also
demonstrated enhanced updraft and its associated convergence in the downwind area, leading to an
increase in the cloud mixing ratio. Sensitivity simulation with an increase in anthropogenic heat shows
that updraft is enhanced in the near-downstream region together with the low-level convergence, but
creates an insignificant change in cloud water mixing ratio. On the other hand, additional simulations with
the WDM®6 (WRF Double-moment Six class) microphysics scheme varying CCN concentrations
demonstrate a decrease in cloud water mixing ratio in the near-downstream region (up to 60 kilometers
from the urban region) and an increase in far-downstream region. In spite of limitations in the
observation-based analysis and simulation, the preliminary result could represent combined response such
as cancellation and enhancement of urbanization and aerosol effects, especially on the light precipitation
in the mid-Korean peninsula.
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Comparison of boundary-layer detection between instruments at the
Southern Great Plains site
Virginia Sawyer, University of Maryland
Zhanging Li, University of Maryland

The planetary boundary layer (PBL) and its associated entrainment zone govern the mixing of pollutants
into the upper troposphere, with consequences for air quality and climate simulation. The difficulty in
directly observing the thermodynamic vertical structure of the atmosphere makes ground-based remote
sensing particularly important. Because of the effect the PBL has on aerosol distribution, it is possible to
use aerosol lidar backscatter as a proxy for the PBL. This PBL detection algorithm combines the wavelet
covariance transform approach developed in Davis et al. (2000) and Brooks (2003) with an iterative
curve-fitting process from Steyn et al. (1999). The former method provides a reasonable first guess for the
latter, making the curve-fitting algorithm less dependent on prior knowledge while retaining its greater
robustness against extraneous backscatter peaks. The lidar-derived PBL heights from multi-year retrievals
at the SGP site are compared to PBLs derived from radiosonde and the atmospheric emitted radiance
interferometer (AERI), both of which measure thermodynamic properties rather than aerosol.

Dependence of aerosol effect on meteorological variables
Yanni Ding, University of Maryland
Jiwen Fan, Pacific Northwest National Laboratory

Generally, aerosols influence cloud development and precipitation processes through suppression effect
on shallow clouds and invigoration effects on deep convective clouds. However, it is not always the case
if the meteorological variables change. Previous studies have shown the possibility of the anti-Twomey
effect, and some model simulations have shown that wind shear and relative humidity (RH) can regulate
aerosol’s invigoration effects. This study attempts to identify and evaluate the dependence of aerosol
effects on meteorological variables using long-term observational data from the ARM Southern Great
Plains site. Various factors such as RH, wind shear, cloud water mixing ratio, and surface fluxes are
investigated.

Do polluted clouds have sharper cloud edges?
J.-Y. Christine Chiu, University of Reading
Julian Mann, University of Reading
Robin Hogan, University of Reading
Alexander Marshak, NASA Goddard Space Flight Center
Graham Feingold, NOAA Earth System Research Laboratory
Allison McComiskey, NOAA
Warren Wiscombe, Brookhaven National Laboratory

The transition zone between cloudy and clear air is a region of strong aerosol-cloud interactions. A
number of large eddy simulations have found that clouds in more polluted air have sharper edges than
those in cleaner air, due to faster evaporation of the smaller cloud droplets produced by pollution near
cloud edges. If this finding is valid, cloud edge sharpness, to the extent it can be quantified from
observations, can be a valuable parameter to evaluate the fidelity of aerosol-cloud microphysical
parameterizations used in models. However, cloud edges are difficult to measure in reality, especially
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because of their tortured, fractal character, and thus this model finding has not been extensively tested
from observations. In this paper, we will use high-temporal resolution zenith radiance measurements to
test this model finding and to test whether aerosols modulate cloud edge sharpness in a similar degree
between models and observations. We will also show how this aerosol effect varies with cloud type in
environments with radically different degrees of pollution, using data collected from the ARM Mobile
Facility field campaigns in China, the Azores, and Black Forest, Germany.

Doppler lidar observations over the Central Himalayan region:
preliminary results
D Phanikumar, ARIES
K Shukla, ARIES
Manish Naja, ARIES
Narendra Singh, Aryabhatta Research Institute of Observational Sciences

Umesh Dumka, ARIES
V Pant, ARIES
P Pant, ARIES

Ram Sagar, ARIES
S. Satheesh, Indian Institute of Science
K Krishna Moorthy, Space Physics Laboratory
V. Rao Kotamarthi, Argonne National Laboratory

A Doppler lidar is installed at the Aryabhatta Research Institute of Observational-Sciences (ARIES), in
Nainital, India, in the Central Himalayan region as a part of the Ganges Valley Aerosol Experiment
(GVAX). Doppler lidars have an eye-safe, near-infrared laser source of wavelength 1.5 um and have a
high-speed scanner to achieve 30-m, 1.2 sec, and 3.8 cm/sec vertical, temporal, and Doppler velocity
resolutions respectively. Doppler lidar is mainly used to study the boundary-layer dynamics and cloud
microphysics over the Central Himalayan region and has been operational since June 2011. In this
context, preliminary analysis is focused on studies related to clouds and boundary-layer evolution from
June 2011 to October 2011. Some clear signatures of clouds are observed in most of the cases at different
height regions, which was also evident from the ceilometer. The present study also reports diurnal
variations in the boundary-layer evolution over this region for the first time. Some cases of extended
structures above the boundary layer have been observed; those can be attributed to elevated aerosol layers
during nighttime. These observations are also related to the presence of cloud presence at an altitude
region of 4.5-7km. Short period modulations in the cloud layer are also observed with a periodicity of

~ 1 hour, which can either be attributed to short-period gravity waves or mountain waves generated due to
the orography of the site. Our preliminary observations will be discussed in the light of current
understanding of the boundary-layer dynamics.
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Droplet closure analysis of Arctic stratocumulus clouds during ISDAC

Michael Earle, Environment Canada
Peter Liu, Environment Canada
J. Walter Strapp, Environment Canada

Greg McFarquhar, University of Illinois
Alla Zelenyuk, Pacific Northwest National Laboratory

Dan Imre, Imre Consulting

Mikhail Ovchinnikov, Pacific Northwest National Laboratory

Nicole Shantz, Environment Canada

Steven Ghan, Pacific Northwest National Laboratory

Warren Leaitch, Environment Canada

Motivated by the climate implications of aerosol-cloud relationships
in the Arctic, the Indirect and Semi-Direct Aerosol Campaign
(ISDAC) was conducted in Alaska in April 2008. An instrumented
research aircraft provided the platform for process-based analysis of
these relationships through an aerosol-cloud droplet closure study.
Measurements of aerosol particles below the base of stratocumulus
clouds, representing potential cloud condensation nuclei, were
obtained using an optical probe (PCASP-100X) for number
concentration and size information and a single particle mass
spectrometer (SPLAT I1) for composition information.
Measurements of droplet properties within cloud were obtained
using two optical probes (CDP and FSSP-100). The updraft velocity
(w) was measured in-cloud using a gust probe and also simulated in
a large-eddy simulation cloud model (LES). Using a separate
adiabatic parcel model, representations of w based on both the
measurements and LES output were used to simulate cloud droplet
number concentrations (CDNC), with the objective of increasing
knowledge of how updrafts influence CDNC. Cases considered in
the analysis were separated into two regimes with respect to aerosol
particle number concentration (Na): three clean cases (Na < 250/cc),
characteristic of background and boundary-layer concentrations in
Acrctic spring; and three polluted cases (Na > 250/cc) influenced by
biomass burning plumes. The updraft velocity for each case was
considered in terms of the normally distributed probability

Figure 1: Comparison of cloud
droplet number concentrations
(CDNC), calculated using an
adiabatic parcel model with two
different representations of the
updraft velocity, with CDNC
values observed in-cloud. Six
cases during ISDAC are
considered: three from flights in
clean aerosol conditions (F08,
F30, F31) and three from flights
in polluted aerosol conditions
associated with biomass burning
plumes (F23, F26, F27).

distribution function (PDF). Separate sets of parcel model simulations, in which CDNC was computed by
integrating over the in-cloud PDF or by using a single, characteristic updraft velocity w*, gave modelled
CDNC values within the estimated measurement uncertainty (Figure 1). However, the specific values of
w* that produced the best agreement between measured and modelled CDNC differed for clean and
polluted cases, owing to differences in activation between the regimes. Updraft velocity PDFs from the
LES compared favourably with observations, pointing to their potential use in model parameterizations
when measurements are not available. The results from this analysis improve our understanding of
updraft-CDNC relationships in Arctic clouds, helping us move toward a better representation of aerosol

activation processes in global models.
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Episodes of enhanced condensation nuclei concentrations during the
GVAX campaign at ARIES, Nainital

Vimlesh Pant, ARIES

Manish Naja, ARIES

Umesh Dumka, ARIES

Narendra Singh, Aryabhatta Research Institute of Observational Sciences

D Phanikumar, ARIES
S Sahai, ARIES
P Pant, ARIES

Ram Sagar, ARIES
S. Satheesh, Indian Institute of Science
K Krishna Moorthy, Space Physics Laboratory
V. Rao Kotamarthi, Argonne National Laboratory

Simultaneous measurements of condensation particles (NCN) and cloud condensation nuclei (NCCN)
concentrations were made along with the measurements of solar radiation and meteorological parameters
during the Atmospheric Radiation Measurement Mobile Facility (AMF1) deployment at a high-altitude
site—ARIES, Nainital (29.4°N, 79.5°E; 1950 m amsl)—in central Himalaya as part of the Ganges Valley
Aerosol Experiment (GVAX). The preliminary analysis of the data obtained during June 15—

September 30, 2011, shows significant signatures of transport of atmospheric particles to the observation
site with prevailing and episodic winds over the region. While the nominal concentrations of NCN, with
some occasional spikes, were in the range of 500-2000 cm-3, their concentration increased to about four
times with a change in surface wind direction. A similar trend in concentrations of NCCN with respect to
the change in wind direction was also observed at all seven air supersaturations between -0.01 to

+ 0.75%. The absolute increase in NCCN during the episodes of reversal of surface winds was more in
higher supersaturations (> 0.31 %). The wind-rose diagram clearly shows two prominent wind direction
sections, i.e., easterly/southeasterly sector and westerly/northwesterly sector with frequency of occurrence
~30% and ~4 % of total winds, respectively. The wind speed versus wind direction scatter diagram
suggests stronger winds of the order of 6-12 ms-1 associated with the westerly sector. The pronounced
signatures of transport of aerosol particles with prevailing winds are clear from these observations and
suggest different origins for the air masses arriving at observation site. The 5-day backward trajectories
derived from the HYSPLIT trajectory model also indicate different pathways of transport of air parcels
with changes in wind directions during the southwest monsoon period. In addition to scavenging of
aerosols due to precipitation, the events of new particle formation and role of aerosols in modifying cloud
properties will be studied from the GVAX data. Detail analysis of data from additional instruments
operated in GVAX is planned to understand the physical properties of aerosols in the Ganges valley and
their effect on monsoons and climate of the region.
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Evaluation of aerosol-cloud interactions in
GISS ModelE using ARM observations

Gijs de Boer, CIRES/NOAA

Surabi Menon, Lawrence Berkeley National Laboratory
Susanne Bauer, Goddard Institute for Space Studies
Tami Toto, Brookhaven National Laboratory
Andrew Vogelmann, Brookhaven National Laboratory
Maureen Cribb, University of Maryland

The impacts of aerosol particles on clouds continue to rank among
the largest uncertainties in global climate simulation. In this work
we assess the capability of the NASA GISS ModelE, coupled to
MATRIX aerosol microphysics, in correctly representing warm-
phase aerosol-cloud interactions. This evaluation is completed
through the analysis of a nudged, multi-year global simulation using
measurements from various U.S. Department of Energy-sponsored
measurement campaigns and satellite-based observations. Campaign
observations include the Aerosol Intensive Operations Period
(Aerosol I0P) and Routine ARM Aerial Facility Clouds with Low
Optical Water Depths (CLOWD) Optical Radiative Observations
(RACORO) at the Southern Great Plains site in Oklahoma, the
Marine Stratus Radiation, Aerosol, and Drizzle (MASRAD)
campaign at Pt. Reyes, California, and the ARM Mobile Facility’s
2008 deployment to China. This combination of data sets provides a
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Evaluation of effective radius
parameterizations using
measurements from three ARM
campaigns. The top row
compares volumetric radius
against parameterized and
measured droplet effective
radius, while the bottom row

compares measured and
parameterized values for effective
radius.

variety of aerosol and atmospheric conditions under which to test
ModelE parameterizations. In addition to these localized
comparisons, we evaluate the global impact of changes in
parameterizations studied. We will provide a basic overview of simulation performance, as well as a
detailed analysis of parameterizations relevant to aerosol indirect effects.

How do aerosols impact atmospheric circulation and radiative forcing
through deep convection?
Jiwen Fan, Pacific Northwest National Laboratory
Daniel Rosenfeld, The Hebrew University of Jerusalem
L. Ruby Leung, Pacific Northwest National Laboratory
Zhanging Li, University of Maryland
Yanni Ding, University of Maryland

Aerosol-cloud interaction is recognized as one of the key factors influencing cloud properties and
precipitation regimes. For deep convection clouds (DCCs), latent heat could be significantly changed
through aerosol microphysical effects, which could impact large-scale circulation. The study explores the
possibilities of changes on large-scale circulation through aerosol microphysical effect by examining how
aerosols change horizontal and vertical mass fluxes, latent heat, and radiation fluxes under different wind
shear conditions for typical convective clouds (i.e., warm- and cold-based) from the ARM Mobile Facility
(AMF) China field campaign and the Southern Great Plains (SGP) intensive operational period (I0P)
2006. Using model simulations from the Weather Research and Forecasting (WRF) model coupled with a

10
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spectral-bin microphysics (SBM) and the observational analysis from the long-term data at the SGP site,
we demonstrate that large-scale circulation can be dramatically changed by aerosols through modifying
latent heat and updraft and downdraft mass fluxes. Under weak wind shear conditions, aerosol
microphysical effects invigorate DCC, enhance latent heat release, and increase vertical velocity and
subsidence. The effect is particularly significant for warm-based DCC. However, it does not hold
anymore when wind shear becomes stronger. For both warm- and cold-based DCC, the changes on latent
heat, vertical velocity, and vertical mass fluxes are becoming much smaller. We note that increasing wind
shears could change the sign of aerosol impact on convective strength: from the invigorating effect under
the weak wind shear to the suppressing effect when wind shear gets stronger, consistent with our previous
finding for an isolated DCC case. This finding may significantly enhance our understanding in aerosol-
deep convection interactions and provide a scientific basis to better parameterize aerosol effects on
convection and large-scale circulation. Therefore, it will have important implications for reducing
uncertainties in climate simulations and projection.

Impact of aerosols on cloud and precipitation:

a critical review of observational evidence
Zhanging Li, University of Maryland

As a major agent for clouds to form and a significant attenuator of solar radiation, aerosols can
significantly alter cloud properties and precipitation. Identification of such effects has been a major
challenge, for the latter two variables are dictated primarily by meteorological conditions. The availability
of extensive coherent measurements of aerosol and meteorological variables from ground-based, space-
borne, and airborne sensors have accumulated such ample data from which it is possible to detect the
impact of aerosol on cloud and precipitation from the influences of meteorological variables, although
attribution and quantification are always fraught with uncertainties and difficulties. Well-designed field
campaigns and careful analysis of multiple data sets are required to address this issue from an
observational viewpoint. In this review, | will present some sound observational evidence obtained from a
variety of platforms including satellite sensors (e.g., A-train), conventional meteorological stations, and
extensive and high-quality ground-based observations such as the U.S. Department of Energy’s
Atmospheric Radiation Measurement (ARM) Climate Research Facility. ARM has provided such rich
information, it is possible to investigate the climatological effects of aerosol-cloud-precipitation
interactions beyond case-by-case studies. Despite ever-escalating efforts and the virtually exponential
increase in published studies concerning aerosol-cloud-precipitation interactions, we are still puzzled by
many seemingly contradictory findings, attesting to the complexity of the problem. Many findings
reported are critically reviewed, especially those concerning aerosol and convective cloud and
precipitation, based on a recent review study by Tao et al. (2012, Reviews of Geophysics).

11
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Investigation of aerosol optical properties and their sources using
GVAX surface data, satellite observations, and WRF-Chem model
Yan Feng, Argonne National Laboratory
V. Rao Kotamarthi, Argonne National Laboratory

The Indo-Ganges Valley is a regional hotspot polluted with high aerosol concentrations. During the
monsoon season, aerosols can be elevated by strong convection to high altitudes in the mid- and upper
troposphere and thus have a significant impact on clouds and precipitation. It has also been hypothesized
that the build-up of aerosols in the dry winter may affect the onset and intensity of the summer monsoon.
The focus of the present study is to examine aerosol optical properties and vertical distribution over the
Indian subcontinent during the 2011 monsoon to post-monsoon months (July to October) using surface
data, satellite observations, and regional WRF-Chem model simulations. We will present preliminary
evaluation of aerosol vertical transport using the ground-based profiling of aerosol extinction, cloud liquid
water, water vapor, and temperature at Nainital from the ongoing Ganges Valley Experiment. Spectral
measurements of aerosol absorption will be used to investigate aerosol sources and mixing state. We will
also present the WRF-Chem simulations of aerosol distributions, vertical profiles, and optical properties
over south Asia, constrained with the GVAX surface data and the CALIPSO satellite observations.
Aerosol heating effect and radiative impact on clouds will be discussed. These observation and model
studies will provide insights on the aerosol composition, transport, and climate effects over this region.

Investigation of multi-decadal trends in aerosol direct radiative effect
using a continental-scale coupled meteorology-chemistry model
Jonathan Pleim, U.S. Environmental Protection Agency
Rohit Mathur, U.S. Environmental Protection Agency
David Wong, U.S. Environmental Protection Agency
Francis Binkowski, The University of North Carolina at Chapel Hill
Jia Xing, U.S. Environmental Protection Agency
Chuen Gan, National Exposure Research Laboratory
Chao Wei, U.S. Environmental Protection Agency

While aerosol radiative effects have been recognized as some of the largest sources of uncertainty among
the forcers of climate change, there has been little effort devoted to verification of the spatial and
temporal variability of the magnitude and directionality of aerosol radiative forcing. A comprehensive
investigation of the processes regulating aerosol distributions, their optical properties, and their radiative
effects is needed in order to build confidence in the projected impacts from changes in anthropogenic
forcing and climate change. This study addresses this issue through a systematic investigation of changes
in anthropogenic emissions of SO2 and NOXx over the past two decades in the United States, their impacts
on aerosol loading in North America, and subsequent impacts on regional radiation budgets. A newly
developed two-way coupled meteorology and air quality model composed of the Weather Research and
Forecasting (WRF) model and the Community Multiscale Air Quality (CMAQ) model is being run for
20 years (1990-2010) on a 12-km resolution grid that covers most of North America. During this period,
U.S. emissions of SO2 and NOx have been reduced by about 66% and 50%, respectively, mainly due to
Title IV of the U.S. Clean Air Act Amendments that aimed to reduce emissions that contribute to acid
deposition. Thus, by simulating this period we can assess model performance for reproducing observed
trends in air pollutants, such as sulfate and nitrate aerosols, and their consequences on trends in surface
radiation. The WRF/CMAQ model includes direct effects of aerosols on SW radiation and the direct
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effects of tropospheric ozone on LW. A new Mie scattering algorithm has been developed for a wider
range of wavelengths, which will enable consideration of aerosol direct effects on LW radiation. The two-
way WRF-CMAQ also includes an experimental implementation of indirect effects where aerosols from
CMAQ are activated as CCN that determine the droplet number concentration for the cloud microphysics
model. The resulting effective droplet radius is used in the radiation model to compute cloud optical
properties. Indirect effects are being tested by comparing cloud radiative forcing to satellite and aircraft
measurements. Preliminary model simulations for the summer seasons of 1990 and 2006 are being
evaluated both for their performance in comparison to observed concentrations and simulation of
observed trends in concentrations and surface radiation.

Large-scale thermodynamic and dynamic controls on aerosol-induced
invigoration of tropical deep convection
Hugh Morrison, National Center for Atmospheric Research
Wojciech Grabowski, National Center for Atmospheric Research

Several modeling studies have supported the idea of convective invigoration in polluted conditions
resulting from a delay in warm rain formation and release of additional latent heat through enhancement
of freezing. However, this process-level viewpoint neglects feedbacks between convection and its
environment, which may obscure the effects of cloud microphysics. To investigate such interactions, we
performed multi-day large-member ensemble cloud-resolving simulations with increased latent heating in
updrafts above the freezing level, mimicking the effect of enhanced ice processes in polluted conditions.
Increased latent heating produces an initial invigoration, but convection returns to its unperturbed
characteristics over a timescale of several hours because of accompanying changes in mean stability.
Factors controlling the adjustment timescale will be discussed. The significant difference in temperature
profiles in simulations with and without latent heating perturbations (of order 1 K) suggests that strong
mesoscale circulations may develop between perturbed and unperturbed regions. To investigate this
aspect, simulations were performed with heating perturbations applied in updrafts, but only to a portion of
the domain. In these simulations, larger-scale circulations driven by differences in mean radiative and
latent heating between the perturbed and unperturbed regions help to sustain weak convective
invigoration in the perturbed region. Overall, these results suggest that convective invigoration from
aerosol-induced enhancement of freezing and latent heating may occur but is limited primarily to the
impacts on larger-scale heating gradients and circulations. This presents a much different picture
compared to previous studies in which only convective-scale buoyancy effects were considered.

Microphysical and radiative properties of the ISDAC 26 April
mixed-phase case
Paul Lawson, SPEC Inc.
David Mitchell, Desert Research Institute
Eric Jensen, NASA Ames Research Center

In situ microphysical data collected by the Canadian Convair 580 are analyzed in detail. The Convair
executed a sawtooth pattern through a shallow (300-meter thick) single-layer mixed-phase cloud,
climbing and descending five times from below cloud base to above cloud top. Measurements from a Fast
FSSP, 2D-S, HVPS, and CPI are used to separate particles into water drop and ice particle size
distributions. CPI images are analyzed to size-sort water drops from ice particles. CPl image sorting is
combined with fast FSSP, 2D-S, and HVPS measurements to produce quantitative ice and water drop size
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distributions. CPI and 2D-S images are used to determine ice particle habit. Optical properties of water
drop and ice size distributions are computed and fed into a radiative transfer model to determine cloud
heating rates. The cloud heating rates using actual measurements are compared with results from a
numerical model using typical parameterizations.

WWW.Specinc.com

Microphysical and optical properties of shallow convective clouds
in large-eddy simulation with a double-moment
warm-rain microphysics
Joanna Slawinska, Institute of Geophysics, University of Warsaw, Poland
Wojciech Grabowski, National Center for Atmospheric Research
Hanna Pawlowska, Institute of Geophysics, University of Warsaw, Poland
Hugh Morrison, National Center for Atmospheric Research

This paper will present application of the double-moment bulk warm-rain microphysics scheme of
Morrison and Grabowski to the simulation of a field of shallow convective clouds. The key components
of the scheme are: (1) prediction of the cloud and raindrop concentrations in addition to the prediction of
the mixing ratios; (2) prediction of the in-cloud supersaturation field; and (3) representation of various
subgrid-scale mixing scenarios associated with the evaporation of cloud water due to entrainment.
Prediction of the supersaturation field allows secondary in-cloud activation of cloud droplets above the
cloud base. Pristine and polluted aerosol environments conditions are contrasted. Numerical simulations
show that about 40% of cloud droplets originate from CCN activated above the cloud base. As a result,
the mean cloud droplet concentration is approximately constant with height in agreement with aircraft
observations and in contrast to simulations where the activation above the cloud base is disabled. The in-
cloud activation significantly affects the vertical distribution of the effective radius and thus the mean
albedo of the cloud field. The difference between pristine and polluted conditions is consistent with the
previous modeling studies, but the impact of the subgrid-scale mixing scenario is significantly reduced.
Possible explanations of the latter involve a combination of numerical and physical aspects that will be
discussed at the meeting. These results will be presented in the context of recent observational and
modeling studies concerning indirect aerosol effects in shallow convective clouds.

Microphysical properties of boundary-layer mixed-phase clouds
observed in Ny-Alesund, Svalbard: observed cloud
microphysics and calculated optical properties
Akihiro Uchiyama, Meteorological Research Institute
Akihiro Yamazaki, Meteorological Research Institute
Masataka Shiobara, National Institute of Polar Research
Hiroshi Kobayashi, University of Yamanashi

The cloud-radiation interaction plays an important role in the global climate system and has been
investigated by many researchers. However, the understanding of mixed-phase boundary-layer clouds in
the Arctic has remained one of the unknown factors. During the period of May to June, 2011, in situ
measurement of mixed-phase boundary-layer clouds were carried out at Zeppelin Station of Norwegian
Polar Institute (NPI) in Ny-Alesund (78.9N, 11.9E), Svalbard. The instruments consist of Cloud, Aerosol
and Precipitation Spectrometer (CAPS), PVM-100 (Gerber Particulate Volume Monitor), and Cloud
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Particle Microscope imager (CPM). CAPS is composed of Cloud and Aerosol Spectrometer (CAS) and
Cloud Imaging Probe (CIP). CAPS-CAS and CAPS-CIP have the same measurement capabilities of the
Forward Scattering Spectrometer Probe (FSSP) models 100 and 300 and two-dimensional optical imaging
probe (2D-OAP), respectively. PVM-100 measures liquid water content and effective radius of water
droplet clouds. CPM, which was newly developed by one of the authors, consists of a CCD camera and
microscope and takes an image of cloud particles. These instruments were installed on the roof of
Zeppelin Station of NPI, which is near the top of Mt. Zeppelin and is at an altitude of 474 m. During the
observation period, the clouds associated with cyclonic disturbance and the clouds associated with
outbreak of westerly cold air mass from the sea were observed. The atmospheric temperature during all
the measurements is from 0° to -5°C. In every case, the large part of cloud particles that were measured
by CAPS-CIP consisted of column type. We show the cloud microphysical properties on June 9, 2011:
cloud particle size spectrum, liquid water content, ice water content, and so on. We also show the optical
properties calculated based on the observed cloud microphysical properties.

Multi-scale observations of small cloud systems
Allison McComiskey, NOAA
Graham Feingold, NOAA Earth System Research Laboratory
Andrew Vogelmann, Brookhaven National Laboratory

Shallow cumulus dominates cloud feedbacks in general circulation models (GCMSs) and also exhibits the
greatest amount of inter-model spread. A major challenge for this cloud regime is that the horizontal
dimension of a GCM grid cell is large relative to the high frequency variability that governs radiative
forcing. Evaluation of these models is often based on means, or sometimes simple distributions of
properties retrieved from space; however, simple averaging of sub-grid scale variability may create biases
in the representation of individual properties or parameterizations that are not based in physics. Sub-grid
distributions of cloud liquid water, cloud fraction, and microphysical properties are essential for
representing accurate grid-scale radiative fluxes but raise some questions: To what extent do distributions
of cloud characteristics vary under different conditions of aerosol concentrations or environmental
variables? What are the factors controlling the various distributions? Do distributions vary as a function
of observational approach or scale? To answer these questions, we combine surface, in situ (RACORO),
and satellite observations at ARM’s Southern Great Plains site. We analyze radiatively pertinent
characteristics of small clouds and their determining factors, including the larger-scale environmental
state, cloud-scale dynamics, and aerosol. The internal consistency of these systems is examined using
multivariate distributions of many of these properties.

A new three-moment-based framework for parameterizing CCN and
droplet activation
Yangang Liu, Brookhaven National Laboratory
Peter Daum, Brookhaven National Laboratory
Robert McGraw, Brookhaven National Laboratory
Mark Miller, Rutgers University

Aerosol effects on clouds and precipitation in large-scale models and the subsequent effects on radiative
properties and climate remain one of the most uncertain climate forcings. Much of the uncertainty arises
from poor understanding and quantification of the relationship of aerosol properties to cloud condensation
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nuclei (CCN) and further to cloud properties. Most existing parameterizations are based on either one
moment (aerosol mass or number concentration) or two moments (aerosol number and mass
concentration), and further, on the assumption of known mathematical forms of aerosol size distributions
such as the power-law, lognormal, Gamma, and Weibull distributions. To evaluate parameterization of
aerosol-cloud interactions in climate models against long-term ARM measurements poses a further
challenge. To address these challenges as part of the FASTER project, this study extends previous works
by establishing a new theoretical framework based on three aerosol moments that accounts for not only
aerosol number concentration and mass concentration, but also the relative dispersion of aerosol size
distribution. The new three-moment framework permits quantification of the differences in CCN spectra
and cloud properties resulting from using those commonly assumed forms of aerosol size distributions.
Measurements collected at the ARM SGP site will be examined in the context of evaluating the new
formulation. The results will shed light on how to best use ARM aerosol-related measurements to
evaluate model performance.

A numerical investigation of the aerosol effects on a mesoscale
convective system
Zafer Boybeyi, George Mason University
Priyanka Roy, George Mason University

Mesoscale convective systems (MCS) are frequent occurrences during summer months in the midwest of
the United States and bring almost 30% of the rainfall to the region. This work investigates the effects of
anthropogenic aerosols, like sulfate and black carbon, and natural aerosols like dust on an MCS. The
coupled meteorology and chemistry Weather Research and Forecasting— Chemistry (WRF-Chem) model
was employed for the numerical study of the MCS. The selected MCS case occurred on June 20, 2007,
covering large parts of Kansas, Oklahoma, and northern Texas. The aerosol effects are analyzed by
inputting the aerosol optical properties into the shortwave scheme and the physical properties into the
microphysics scheme. The interaction of aerosols with the incoming shortwave radiation is higher due to
the wavelength being similar to particulate sizes found in the atmosphere. The nested domain simulations
have higher inner domain resolutions (6 and 1.5 km) and as a result resolved the MCS reasonably well.
The combined aerosol effects are investigated by increasing the amount of the sulfate, black carbon, and
dust aerosols and considering their dominant characteristics. Sulfates are the major constituents of the
anthropogenic emissions, and they are scattering and reflecting in nature. On the other hand, black carbon
and dust absorb radiation, evaporating clouds and also warming the atmosphere. The dust particulates
form giant cloud condensation nuclei (CCN), which can enhance precipitation in the presence of moisture
in the atmosphere. The combination of the radiative effects due to each of these aerosols has shown that
scattering due to aerosols is a dominant factor for all the types of aerosols. The presence of aerosols
interacting with the microphysics and radiation schemes produces a more organized MCS structure, as
well as more liquid and ice clouds. The black carbon particulates do not solely warm the atmosphere, but
also prevent a large amount of the solar radiation from reaching the surface. The giant CCN due to dust
particles enhances the precipitation instead of suppressing it. Thus two absorbing aerosols when increased
in amounts show very different effects on cloud cover and precipitation.

16



Atmospheric System Research (ASR) January 2013
Science Team Meeting

Obtaining number of activated CCN from satellite-retrieved vertical
profiles of cloud drop size in convective clouds
Daniel Rosenfeld, The Hebrew University of Jerusalem
Tal Halevi, The Hebrew University of Jerusalem
Alexander Khain, The Hebrew University of Jerusalem

Here we present our first preliminary results from the first year of the funded proposal titled “Vertical
microphysical profiles of convective clouds as a tool for obtaining aerosol cloud-mediated climate
forcing.” A major challenge towards this goal is retrieving CCN from space in the cloudy boundary layer.
CCN can be obtained if we can retrieve the number of activated CCN, Na, and the maximum super
saturation near cloud base, S. We have already shown that vertical profiles of aircraft-measured cloud
drop effective radius, Re, in convective clouds can be used for calculating Na (Freud et al., 2011). In
principle, the same can be achieved with satellite-retrieved vertical profiles of Re in convective clouds.
When combining Na with estimated cloud base updrafts, S can be calculated and respectively the CCN
concentration at that S can be obtained. We used such satellite retrievals for calculating Na in convective
clouds over the SGP site and compared Na to the CCN measured at the ground. Lidar measurements are
used for validating that the cases are in well mixed boundary layer, so that the surface-measured CCN are
applicable to the cloud base. The S for which CCN and Na are the same is found, and the required updraft
for sustaining this S is calculated using the model developed in the companion research of Dr. Khain. The
validation of this method will pave the way for retrieving Na in convective clouds from MODIS and
AVHRR, as a major milestone towards quantifying the climate impacts of cloud-aerosol interactions.
Reference: Freud E, D Rosenfeld, and JR Kulkarni. 2011. “Resolving both entrainment-mixing and
number of activated CCN in deep convective clouds.” Atmospheric Chemistry and Physics 11: 12887—
12900, doi:10.5194/acp-11-12887-2011.

Parameterizing ice nuclei concentration dependence on aerosol
concentration, temperature, and composition
Paul DeMott, Colorado State University
Anthony Prenni, Colorado State University
Ryan Sullivan, Carnegie Mellon University
Gavin McMeeking, Colorado State University
Yutaka Tobo, Colorado State University
Elvin Garcia, Colorado State University
Sonia Kreidenweis, Colorado State University

It has been suggested that ice nuclei concentrations active in mixed-phase cloud conditions can be
parameterized in an average sense for global models as a function of aerosol concentrations > 0.5 micron
and temperature alone (DeMott et al. 2010). Comparison of this parameterization with independent ice
nuclei and aerosol data collected in the Indirect and Semi-Direct Aerosol Campaign (ISDAC) suggests
that such a representation may be quite suitable for use in modeling ice nuclei influences on Arctic
mixed-phase clouds. Nevertheless, additional dependencies on aerosol composition can be expected at
different times and places: for example, where stronger local and regional sources exist. In any case,
guantifying compositional dependencies would be expected to provide more robust prediction of ice
nuclei concentrations for use in modeling studies. Here we report on measurements of ice nuclei specific
to strong potential sources such as desert dust plumes, smoke plumes, ocean wave spray, and terrestrial
biological particles. We utilize data from both laboratory and field studies to show that consideration of
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ice nuclei sources can potentially provide more robust parameterizations for models that are capable of
specifying different compositional categories for ice nuclei.

Reference: DeMott, PJ, AJ Prenni, X Liu, MD Petters, CH Twohy, MS Richardson, T Eidhammer,
SM Kreidenweis, and DC Rogers. 2010. “Predicting global atmospheric ice nuclei distributions and their
impacts on climate.” Proceedings of the National Academy of Sciences, 107 (25): 11217-11222.

Preliminary results from the Nainital AMF study
V. Rao Kotamarthi, Argonne National Laboratory

The first ARM Mobile Facility (AMF1) has been operating at Nainital, India, since June 2011. Several
months of data from the aerosol observing system, meteorology, radiative transfer, and cloud properties
are now available. Here we present some preliminary analysis of the observations of aerosol physical and
optical characterization and radiation measurements. The analysis will focus on the observations before
monsoon, during the monsoon, and post-monsoon at the site. The various options of using the aerosol
measurements to determine the brown carbon fraction from the available total absorption measurements
at this site, the episodes of high absorption at this site and then prevailing meteorological conditions
during these periods and the diurnal patterns will be presented. We will try to answer the question about
the aerosol optical depth measured at this site and the contribution of black carbon, brown Carbon and
dust. Measurements of radiation will be used to constrain the estimates in addition to the

aerosol measurements.

Quantifying aerosol direct effects from broadband and spectral
irradiance observations
Torreon Creekmore, National Geospatial-Intelligence Agency
Chuck Long, Pacific Northwest National Laboratory

We outline a methodology using broadband and spectral irradiance observations to quantify aerosol direct
effects on the diffuse shortwave (SW) surface irradiance. The data span an 11-year (January 1998-

May 2010) timeframe at the Department of Energy Atmospheric Radiation Measurement (ARM) Climate
Research Facility Southern Great Plains (SGP) site. Identified irradiances (Long and Ackerman 2000) and
aerosol optical depth (ta), for solar zenith angles < 65° are used to derive an empirical formulation to
estimate clear-sky diffuse irradiance. Our approach estimates aerosol effects using ancillary input
regarding changes in ta; Long and Ackerman (2000) excludes such input. The method is verified using
irradiance observations from SGP’s Basic Radiation System (BRS). We evaluated the degree of accuracy
of the considered correlation to fit the BRS observed data using the root mean square error (RMSE; non-
systematic error) and mean bias error (MBE; systematic error). Resulting BRS diffuse irradiances were in
accordance with estimates, producing a RMSE and MBE of 4 W/m2 and 1.4 W/m2, respectively.
Frequency histograms of the absolute difference between the BRS and estimated diffuse show 99% of
estimates are within £10 W/m2 of BRS observations. The clear-sky diffuse estimates are used to derive
guantitative estimates of aerosol radiative effects as a difference between measured and clear-sky (i.e.,
background aerosol conditions; ta = 0.008) amounts, represented as aerosol diffuse irradiance (ADI). The
diurnal mean ADI ranges from about -50 W/m2 to 120 W/m2, implying notable altering in the relative
proportion of the diffuse fraction due to scattering processes from changes in ta. Negative estimates are
due to possible misidentification of clear skies, measurement errors, vagaries in fitting, and errors in ta
retrieval. The estimated slope for the ADI as a function of ta was 229.59 W/m2 per unit ta, indicating an
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increase of ~23 W/m2 in diffuse SW per unit ta. This positive relationship suggests significant increases
in the diffuse fraction in the presence of aerosols could possibly increase photosynthesis at SGP (Xia et al.
2007). Estimates of aerosol effects on the diffuse fraction are required to understand how much direct
forcing is canceled out, how increased scattering at the surface leads to more efficient use of sunlight by
plant canopies, and how much of the diffuse fraction increases under varying aerosol conditions (e.g.,
urban, rural, and oceanic).

RACORO aircraft data case study development for FASTER
Andrew Vogelmann, Brookhaven National Laboratory
Tami Toto, Brookhaven National Laboratory
Michael Jensen, Brookhaven National Laboratory
Wuyin Lin, Brookhaven National Laboratory
Chunsong Lu, Brookhaven National Laboratory
Greg McFarquhar, University of Illinois
Robert Jackson, University of Illinois
Haflidi Jonsson, Naval Postgraduate School CIRPAS
Yangang Liu, Brookhaven National Laboratory

As part of the FAst-physics System TEstbed and Research (FASTER) project, RACORO aircraft data are
being used to construct case studies to assess and improve models of continental boundary-layer clouds
(stratus, stratocumulus, and cumulus). RACORO was a first-of-a-kind, extended-term cloud aircraft
campaign that was conducted by the Atmospheric Radiation Measurement (ARM) Aerial Facility (AAF)
to obtain an in situ statistical characterization of boundary-layer clouds. The field campaign operated for
five months over the ARM Southern Great Plains (SGP) site, from 22 January to 30 June 2009, collecting
260 hours of data during 59 research flights over a range of conditions associated with the winter-to-
summer seasonal transition. A comprehensive payload aboard the Center for Interdisciplinary Remotely
Piloted Aircraft Studies (CIRPAS) Twin Otter aircraft measured cloud microphysics, solar and thermal
radiation, aerosol properties, and atmospheric state parameters. Proximity to the SGP’s extensive
complement of surface measurements provides additional data that support development of these case
studies for use by FASTER and the Atmospheric System Research community.

Study of mechanisms of aerosol indirect effects on glaciated clouds
Vaughan Phillips, University of Leeds

The Tropical Warm Pool-International Cloud Experiment (TWP-ICE) campaign, partly funded by the
U.S. Department of Energy, involved observations of aerosol size distributions and aerosol composition
with probes flown on aircraft near Darwin in Australia, as well as microphysical properties of glaciated
clouds. In this presentation, microphysical improvements to an aerosol-cloud model using our newly
developed scheme of 2-moment bulk microphysics, including an empirical scheme to treat heterogeneous
ice nucleation, and prognostic treatment of six aerosol species are described. These improvements include
treatment of size-dependent morphology (bulk density, shape) of ice particles and use of emulated
spectral (bin) microphysics to treat collision and sticking efficiencies of coagulation. A month-long
simulation of the TWP-ICE case by the aerosol-cloud model is compared against observations of ice and
droplet concentrations for cases with coincident observations of aerosol and thermodynamic conditions as
its input. Detailed treatments of droplet evaporation near -36°C during homogeneous droplet freezing and
of the evolving mean size of sulphate aerosol are shown to enable correct prediction of ice concentrations
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by the aerosol-cloud model. For cold clouds generally, the problem of whether it is possible to predict
correctly the observed ice concentration using as input the observed aerosol conditions is discussed.

Value-added Product Highlights from the Cloud-Aerosol-Precipitation
Interactions Working Group
Sally McFarlane, Pacific Northwest National Laboratory
Chitra Sivaraman, Pacific Northwest National Laboratory
Timothy Shippert, Pacific Northwest National Laboratory
Yan Shi, Pacific Northwest National Laboratory
Laura Riihimaki, Pacific Northwest National Laboratory
Krista Gaustad, Pacific Northwest National Laboratory

We will present an update on the development of value-added products (VAPs) associated with the
Cloud-Aerosol-Precipitation Interactions (CAPI) working group. VAP highlights for this year include the
following efforts: (1) Initial development of a planetary boundary-layer height (PBL Height) product.

(2) Re-processing of all historical QCRAD data to correct algorithm errors, make quality control flags
consistent, add instrument-specific corrections for infrared loss, and submit data quality reports (DQRsS)
on the input and output data. (3) Submission of data from the Cloud Condensation Nuclei Profile
(CCNPROF) data to the ARM Evaluation Area and initial comparison to aircraft data. (4) Release of the
Radiatively Important Parameters Best Estimate (RIPBE) code and submission of five years of data to the
ARM Data Archive. (5) Processing of five years of instantaneous broadband heating rate profiles using
RIPBE data (BBHRP-RIPBE) and submission of the data to the ARM Evaluation Area. (6) Prototype of
RIPBE and BBHRP averaged products for flux closure evaluation. (7) Processing of all historical
micropulse lidar (MPL) data through the MPL cloud mask (MPLCMASK) algorithm. (8) Processing of
microwave radiometer retrieval (MWRRET), MPLCMASK, and QCRAD for AMF deployments. We
will also discuss plans for future CAPI VAP efforts including continued work on the PBL Height product,
addressing user comments and updating CCNPROF, development of a BBHRP testbed, and
implementation of a new retrieval for the 3-channel microwave radiometers.
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Vertical profiling of meteorological parameters using AMF1 in the
central Himalayan region during GVAX: implications on
aerosols and trace gases variations
Manish Naja, ARIES
Narendra Singh, Aryabhatta Research Institute of Observational Sciences
Narendra Ojha, ARIES
D Phanikumar, ARIES
Umesh Dumka, ARIES
V Pant, ARIES
S Sahai, ARIES
P Pant, ARIES
Ram Sagar, ARIES
S. Satheesh, Indian Institute of Science
K Krishna Moorthy, Space Physics Laboratory
V. Rao Kotamarthi, Argonne National Laboratory

The Indo-Gangetic Plain (IGP) region in northern India is one of the most populated regions of the world
and encompasses a variety of anthropogenic and biogenic emission sources. This region is considered to
be the most polluted region in India. However, ground-based observations are very limited to verify the
same. Model simulations show vertical lifting of pollutants from this region and the widespread transport
during prevailing higher wind speed, hence influencing the radiation budget, chemical composition, and
air quality over a wide region. Further, the chemical characteristics of the South Asian emissions are
different from those in other parts of the world because of their disproportionately large contribution from
bio-fuel and biomass burning, making this region a unique place for tropospheric studies. In view of this,
the first ARM Moabile Facility (AMF1) has been set-up at ARIES, Nainital (29.37°N, 79.45°E; 1958 m
amsl), under the GVAX field campaign. Observations of physical-optical properties of aerosols, radiation,
and meteorological parameters are being made since June 2011. Vertical profiling of meteorological
parameters are also being made using radiosonde launches at 00, 06, 12, and 18 GMT on a regular basis.
Vertical winds are being measured using a wind profiler. A Doppler lidar, microwave radiometer profiler,
and ceilometer are also operational. Seasonal variation in the tropopause height is estimated, and its
dynamical nature is analyzed. Diurnal and seasonal variation in the boundary-layer mixing height is
derived, and its implication on trace gases and aerosols are studied. Apart from regional emissions and
biomass burning, impacts of long-range transport are studied. Setup of a WRF-Chem is also in progress
for GVAX-related studies. Details will be discussed during the poster presentation.
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3.0 Aerosol Properties

Aerosol measurements in the free troposphere at the North Atlantic
Pico Mountain Observatory in the Azores
Claudio Mazzoleni, Michigan Technological University
Paulo Fialho, Universidade dos Agores
Kyle Gorkowski, Los Alamos National Laboratory
Robert Owen, Michigan Technological University
Michael Dziobak, Michigan Technological University
Jacques Hueber, University of Colorado
Lynn Mazzoleni, Michigan Technological University
Louisa Kramer, Michigan Technological University
Sumit Kumar, Indian Institute of Tropical Meteorology
Seth Olsen, University of Illinois
Detlev Helmig, University of Colorado

Pico is a small island (447 km2) in the archipelago of ooy TR B B e A
the Azores, Portugal, in the North Atlantic Ocean. g 3333 Ssrom ' [ oo E
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summit caldera at an altitude of 2225 meters. The Long-range transport event from biomass
station altitude is typically well above the boundary burning in North America to the Pico

layer during summertime, when average marine Mountain Observatory in the Azores, Portugal.

boundary-layer heights are below 1200 meters and rarely exceed 1300 meters. Air masses reaching the
station are often transported from North America and seldom from Europe or North Africa. The station’s
uniqueness and significance lie in its location that allows study of the transport and evolution of gases and
aerosols from North America in the free troposphere. Until recently, the focus was on the measurement
and analysis of trace gases (ozone, carbon monoxide, non-methane hydrocarbons, nitrogen oxides) and
light-absorbing aerosol (black carbon and iron oxide). Aerosol light attenuation has been measured at the
site since 2001 using a seven-wavelengths aethalometer. An optical particle sizer was installed at the site
in 2010 and has been running in parallel to the aethalometer for two seasons. A three-wavelength
nephelometer, to measure the aerosol total- and back-scattering, and aerosol samplers for morphological
and chemical analysis will be installed at the site in 2012. Our goal is to enhance the observatory
monitoring capabilities for aerosol research. The objectives of this new research program are to: (a) assess
background as well as specific event tropospheric aerosol properties, (b) compare aerosol and gases
measurements with model outputs, and (c) use the data collected to provide satellite validation. This
research is anticipated to enhance our understanding of the interactions between tropospheric aerosols,
clouds, and climate by allowing, for example, the analysis of North American outflows and seasonal
changes, the assessment of different source regions, the estimation of aerosol radiative forcing above
marine clouds and in clear sky, and the study of the relative contribution of anthropogenic versus biomass
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burning emissions. In this poster we present a preliminary analysis of the black carbon and aerosol size
data in conjunction with retroplume model analysis.

Aerosol optical depth at the ARM Mobile Facility deployments
Annette Koontz, Pacific Northwest National Laboratory
Evgueni Kassianov, Pacific Northwest National Laboratory
Connor Flynn, Pacific Northwest National Laboratory

The aerosol optical depth (AOD) is the most fundamental property related to the abundance of aerosol in
the atmospheric column and its direct radiative effect. This property is of critical importance in describing
the significance of aerosols present at a given location. One of the key instruments within ARM capable
of retrieving this core parameter is the multifilter rotating shadowband radiometer (MFRSR). The
MFRSR-AOD value-added product has been operating routinely for ARM fixed-sites for several years;
however, the automated routines developed for these locations were repeatedly challenged by the unique
conditions presented by AMF locations. We describe adaptations of the automated routines that were
implemented to retrieve AOD from the MFRSR instruments at the AMF deployments. Time series of
successful AOD retrievals spanning the duration of each AMF deployment are presented.

Aerosol optical depth climatology derived from micropulse lidar data
at various ARM sites worldwide
Durga Kafle, Argonne National Laboratory
Richard Coulter, Argonne National Laboratory

Micropulse lidar (MPL) systems have been running at all U.S. Department of Energy (DOE) Atmospheric
Radiation Measurement (ARM) Climate Research Facility sites, including five permanent and two mobile
facilities. The locations of the sites represent a broad range of climate conditions around the world
(http://www.arm.gov/sites). Aerosol optical depth (AOD) is a measure of the extinction of solar radiation
due to aerosols: liquid and solid particles suspended in the air from natural or man-made sources. In the
absence of clouds, the MPL, operating at 532 nm, produces profiles of atmospheric scattering that result
from aerosols (Mie-scattering) and molecules (Rayleigh-scattering). In combination with AOD data from
the nearly collocated multifilter rotating shadowband radiometer (MFRSR), these data can be used to
calculate profiles of AOD. The raw data used in this study are averaged in time for 30 seconds and 30
meters in altitude. MPL backscatter observations at the DOE ARM sites from 2007 through 2010 have
been examined and used in this AOD climatology. The AOD values at the Southern Great Plains (SGP)
site are also compared with the corresponding values obtained from a nearly collocated Raman Lidar
(RL) operating at 355 nm. The comparison shows good agreement. A multi-year vertical profile of AOD
climatology at different ARM sites, including diurnal and seasonal variability, will be presented. These
results are expected to be of significant importance to the scientific community to understand the aerosol
properties and the boundary-layer dynamics better, as well as to improve global climate models by better
incorporating the aerosol radiative effects.
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Aerosol optical properties from the Himalayan

foothills site during GVAX
Anne Jefferson, CIRES, University of Colorado

Aerosol at the GVAX Manora Peak site emanates from local vegetation, biofuel burning, and pollution
from the Ganges River Valley as well as long-range transport, especially during downslope periods.
Source and seasonal variability of the aerosol optical and cloud-forming properties are presented for the
summer monsoon season and fall transition to the dry season. Aerosol loading has a seasonal low during
the summer with an average June—August aerosol scattering coefficient at 550 nm of 74 Mm-1 and a mid-
September—mid-November average value of 205 Mm-1. As evidenced by changes in the aerosol single-
scatter albedo and Angstrom exponent, the aerosol is slightly smaller and darker during the summer and
may reflect wet scavenging of larger, more hygroscopic aerosol. A strong diurnal trend is apparent with
higher loading around solar noon. The most remarkable feature of the GVAX aerosol during both seasons
is its relatively large size. The average Angstrom exponent for the 450/700 nm wavelengths is ~ 1.0. The
large size persists through both seasons and during upslope and downslope conditions.

Aerosol optical properties of smoke from the Las Conchas wildfire,
Los Alamos, New Mexico
Kyle Gorkowski, Los Alamos National Laboratory
Manvendra Dubey, Los Alamos National Laboratory
Allison Aiken, Los Alamos National Laboratory
Bradley Flowers, Los Alamos National Laboratory
Benjamin Klein, Los Alamos National Laboratory
Claudio Mazzoleni, Michigan Technological University

Sharma Noopur, Michigan Technological University

China Swarup, Michigan Technological University

The Las Conchas wildfire in northern New Mexico started on June 26, 2011 and spread rapidly,
eventually burning an area of 634 square kilometers (245 square miles). Due to the close proximity to the
fire, the Los Alamos National Laboratory (LANL) was shut down and the town evacuated for several
days. Immediately after LANL reopened (July 7, 2011) the Earth and Environmental Sciences Division
(EES-14) attained unique measurements of the smoke by sampling the ambient air. Three Integrated
Photoacoustic/Nephelometer Spectrometers (DMT Inc.) were set up to measure aerosol light absorption
and scattering coefficients. A University of Northwest Switzerland thermodenuder was used to remove
compounds that are volatile at temperatures up to 200C. The aerosol’s optical properties were measured
before and after denuding the sample at 405nm (blue), 532nm (green), 781nm (red), and for non-denuded
particles also at 375nm (ultraviolet). The aerosol size distributions were measured after the denuder with a
Laser Aerosol Spectrometer (LAS, TSI Inc.) and black carbon was measured with a Single Particle Soot
Photometer (SP2, DMT Inc.). These measurements are used in conjunction with numerical simulations to
determine the bulk optical properties of the aerosol. Aerosols in wildfire smoke are composed of organic
and black carbon (soot) particles that are formed during wood combustion and pyrolysis. The optical
properties of the smoke particles are complex and lead to large uncertainties in assessing the global
climate. During the measurement period, the Las Conchas fire provided very high particle concentrations
(up to 200 pg/m3) that were exploited to investigate their optical properties. By heating the particles to
temperatures ranging from 75 to 200C in the denuder, volatile organics were removed and the optical
properties of the remaining particles were measured. Denuding of the aerosols removed the outer organic
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coatings, leaving behind the inner core of black carbon (soot) and any compounds that did not volatize
completely. By simultaneously measuring the optical properties of the non-denuded as well as the
denuded aerosol, we can study how the coatings affect the optical properties. The absorption coefficient
measurements showed that coatings can cause an increase or decrease in absorption.

Aerosol retrievals from 4STAR observations in support of TCAP:
sensitivity tests
Evgueni Kassianov, Pacific Northwest National Laboratory
Connor Flynn, Pacific Northwest National Laboratory
Jens Redemann, NASA Ames Research Center
Beat Schmid, Pacific Northwest National Laboratory
John Livingston, SRI International
Phil Russell, NASA Ames Research Center
Alexander Sinyuk, NASA Goddard Space Flight Center

The Two-Column Aerosol Project (TCAP) field campaign will start in the summer of 2012 and include
aircraft-based observations from the Spectrometer for Sky-Scanning, Sun-Tracking Atmospheric
Research (4STAR). The 4STAR aims to provide improved retrievals of aerosol optical and microphysical
properties using the sun-tracking ability of the current 14-Channel NASA Ames Airborne Tracking
Sunphotometer and the sky-scanning ability of the ground-based AERONET sun/sky photometers
combined into one compact airborne instrument. Driven by requirements to have a low-profile compact
head for airborne operation, the 4STAR entrance optics are considerably shorter than those of the ground-
based AERONET instruments. As a result, an artificial enhancement of sky radiance can occur in the
4STAR data at small scattering angles (closer than 6 degrees from the sun). The main objective of this
work is to quantify the potential impact of such artificially enhanced sky radiance on 4STAR-based
aerosol retrievals during TCAP. To do that, we selected representative cases (both summertime and
wintertime) that could be potentially observed during TCAP. We selected cases from the multi-year
AERONET climatology at the MVCO AERONET site near Martha’s Vineyard.

Aerosol size distribution and calculated light-scattering efficiency in
the Sacramento plume during CARES
Larry Kleinman, Brookhaven National Laboratory
Chongai Kuang, Brookhaven National Laboratory
Arthur Sedlacek, Brookhaven National Laboratory
Gunnar Senum, Brookhaven National Laboratory
Stephen Springston, Brookhaven National Laboratory
Jian Wang, Brookhaven National Laboratory
Jerome Fast, Pacific Northwest National Laboratory
John Hubbe, Pacific Northwest National Laboratory
John Shilling, Pacific Northwest National Laboratory
Jason Tomlinson, Pacific Northwest National Laboratory
Rahul Zaveri, Pacific Northwest National Laboratory

In this study we consider aerosol light scattering, using aircraft data collected upwind, above, and
downwind of Sacramento, California during the DOE-sponsored Carbonaceous Aerosol and Radiative
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Effects Study (CARES) field campaign. As found in other urban studies, aerosol concentration
normalized to a conservative tracer such as CO increased downwind of Sacramento, primarily from
secondary organic aerosol (SOA) formation. Optical and radiative effects depend on whether the newly
formed aerosol mass is added to small or large particles. The size range and wavelengths of interest
intersect the Rayleigh regime in which scattering is proportional to DP6, and scattering efficiency
(scattering per unit mass or volume) is proportional to DP3. The emission or formation of small particles
in an urban environment could cause a competition for condensables, thereby reducing the aerosol mass
that becomes an effective scatterer. Aerosol size distributions measured with a UHSAS (60-1000 nm)
showed accumulation mode(s) with DP < 500 nm and a coarse mode with DP > 650 nm. Although the
coarse mode can dominate scattering, particularly at long wavelengths, it is not of primary interest in the
CARES campaign as it is unlikely to be associated with anthropogenic emissions, though it could be a
function of land use. In the accumulation mode size range it was common for there to be two modes with
geometric mean diameters of approximately 100 and 250 nm. There were flight transects where one or the
other mode dominated and other transects where the two modes made roughly equal contributions to
accumulation mode volume. Scattering efficiency has been calculated for transects upwind, over, and
downwind of Sacramento. We consider the 14 flights with SW flow. For dry particles in the boundary
layer, the scattering efficiency of aerosol smaller than 500 nm at a wavelength of 550 nm averaged

3.8 and 3.1 Mm-1 per um3/cm3 for the morning and afternoon, respectively. Trends from upwind to
downwind locations were small. Day to day, the scattering efficiency, averaged over individual transects,
varied between 1 and 8, according to whether the accumulation size range was dominated by the small or
large mode. Taking the morning measurements as a starting point, we consider the dependence of
scattering on growth conditions, specifically the size-dependent sink for condensables. Radiative effects
are in the process of being calculated, with consideration of upscatter fraction, RH dependence of size,
and aerosol layer depth.

Application of singular-value decomposition and linear programming
to analysis of aerosol mass spectra taken during the
MILAGRO campaign
Robert McGraw, Brookhaven National Laboratory
Yin-Nan Lee, Brookhaven National Laboratory
Larry Kleinman, Brookhaven National Laboratory
Manjula Canagaratna, Aerodyne Research, Inc.

John Jayne, Aerodyne Research, Inc.

Douglas Worsnop, Aerodyne Research, Inc.

Aerosols are known to have significant impact on climate. Many of their most important properties, such
as potential to serve as cloud condensation sites and scatter light, depend on mixing state. Aerosol
composition measurements were obtained using an Aerodyne mass spectrometer during flights aboard a
G-1 aircraft. Results from three flights under very different field conditions were analyzed for the present
study. Analysis method: Principal components analysis (PCA) and singular-value decomposition (SVD)
were used for data analysis and compression and to study the evolution of aerosol mixing state as
particles age downwind in the Mexico mega-city plume. The principal components define a vector space
of low dimensionality and spanned by orthogonal basis vectors onto which the mass spectra are projected.
Taking just three dimensions provides a resolution of any given spectrum into three orthogonal
components with circa 99% variance of the projected data set explained. Building on these conventional
statistical methods (PCA and SVD), we add a new analytic approach: convex polyhedral boundaries of
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the projected spectral data sets are obtained using linear programming methods. Uniquely defined
“simplex factors” (vertices of the convex polyhedral feasible set) are analyzed and compared and
contrasted with factors obtained from positive matrix factorization (PMF). In addition to their uniqueness,
we show in the context of aerosol composition analysis that the simplex factors are imbued with physical
and mathematical optimization properties that make them ideal factors for the representation of aerosol
mixing state.

Atmospheric aging of internally mixed sea salt and organic particles:
surprising reactivity of NaCl with weak organic acids
Alexander Laskin, Pacific Northwest National Laboratory
Ryan Moffet, University of the Pacific
Mary Gilles, Lawrence Berkeley National Laboratory
Jerome Fast, Pacific Northwest National Laboratory
Rahul Zaveri, Pacific Northwest National Laboratory

Composition of internally mixed sea salt—organic particles collected on board the G-1 research aircraft
during the Carbonaceous Aerosol and Radiative Effects Study (CARES)—was performed using
complementary electron microscopy and X-ray spectro-microscopy techniques. Substantial chloride
depletion in individual sea salt particles is reported that could not be accounted by the presumed reactivity
of sea salt with atmospheric inorganic nitric and sulfuric acids. We present field evidence that sea salt
components in deliquesced atmospheric particles may effectively react with dissolved organic acids,
releasing HCI gas to the atmosphere and leaving particles enriched in the corresponding organic salts.
Formation of the organic salts products is not thermodynamically favored in the aqueous phase. However,
the surprising shift of the reaction equilibrium in the aerosolized particles is driven by high volatility of
the HCI product and its efficient evaporation from particles. Similar observations were also corroborated
in a set of laboratory experiments where NaCl particles mixed with organic acids were found depleted in
chloride. Formation of organic salts in the aged particles of marine origin will modify their hygroscopic
and optical properties and impact their subsequent atmospheric reactions, hydration behavior, and
propensity to act as cloud condensation and ice nuclei.
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Atmospheric implications for mixed stochastic-singular
models of ice nucleation
Raymond Shaw, Michigan Technological University
Dennis Niedermeier, Leibniz Institute for Tropospheric Research
Susan Hartmann, Leibniz Institute for Tropospheric Research
Frank Stratmann, Leibniz Institute for Tropospheric Research
Heike Wex, Leibniz Institute for Tropospheric Research

Evidence exists that heterogeneous ice nucleation can be
described by mixed stochastic-singular models. Recently,
for example, our group introduced a “soccer-ball model”
that envisions particles made up of surface sites or patches
with different nucleation barriers. The key assumption is
that classical nucleation theory applies on each patch. The
number of patches on a particle and the distribution of
nucleation barriers (parameterized through the contact
angle) can be varied independently, and therefore the
model can describe the transition from purely stochastic
behavior to nearly idealized singular behavior. We review
some recently published measurements in the context of
the soccer-ball model and consider the degree to which
model parameters can be fitted unambiguously. This, in
turn, allows us to consider some general implications of
extending laboratory measurements to the atmosphere,
especially when those measurements are interpreted in the
stochastic or singular limits.

In the soccer-ball model each ice
nucleating particle is envisioned to have a
surface divided into a number of surface
patches or sites (panel A). Each surface
site is associated with a nucleation energy
barrier, represented through the contact
angle. Contact angles are drawn from a
distribution function that holds for the
ensemble of particles (panel B). The mean
and standard deviation of the contact angle
distribution can be inferred from
measurements.

Black carbon: ambient intercomparisons of physical
and optical properties
Allison Aiken, Los Alamos National Laboratory
Bradley Flowers, Los Alamos National Laboratory
Kyle Gorkowski, Los Alamos National Laboratory
Manvendra Dubey, Los Alamos National Laboratory

Currently, absorbing aerosols are thought to be the most uncertain factor in atmospheric climate models
(~0.4-1.2 W/m2), and potentially the second most important factor after CO2 in global warming

(1.6 W/m2; Ramanathan and Carmichael, Nature Geoscience, 2008; Myhre, Science, 2009). While most
well-recognized atmospheric aerosols, e.g., sulfate from power plants, have a cooling effect on the
atmosphere by scattering solar radiation, black carbon (BC or “soot™) absorbs sunlight strongly, which
results in a warming of the atmosphere. Direct online measurements of BC are made with the Single
Particle Soot Photometer (SP2), which detects BC by incandescence from individual particles.
Measurements from the SP2 are combined with absorption measurements from the three-wavelength
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photoacoustic soot spectrometer (PASS-3) at 405, 532, and 781 nm and the ultraviolet photoacoustic soot
spectrometer (PASS-UV) at 375 nm to determine wavelength-dependent mass absorption coefficients
(MACs) and absorption angstrom exponents (AAEs), among other optical properties. Ambient
measurements of different BC types were collected during three different campaigns. (1) High mass
concentrations of biomass burning were sampled during the Las Conchas fire, the largest wildfire in
New Mexico history that started in the Jemez Mountains in Northern New Mexico and burned over
100,000 acres during the summer of 2011. (2) Low mass concentrations of aged transported
“background” pollution were sampled during BEACHON-RoOMBAS (Bio-hydro-atmosphere interactions
of Energy, Aerosols, Carbon, H20, Organics & Nitrogen — Rocky Mountain Biogenic Aerosol Study), a
field campaign that was located in the Manitou Forest Observatory near Colorado Springs, Colorado, in
summer 2011. (3) Fresh highway, aged outflow, and wood-burning BC types were sampled during the
ClearfLo (Clean Air for London) campaign in Detling, England, during winter 2012. Optical properties
are compared from these different BC types and compared with laboratory measurements, and size-
resolved information is used to predict the absorptive effects of these climate-relevant aerosols on our
atmosphere.

Climate forcing by carbonaceous aerosols: measurements (ARM)
enhancing models (CESM)
Manvendra Dubey, Los Alamos National Laboratory
Steven Ghan, Pacific Northwest National Laboratory

Carbonaceous aerosols—black carbon and organic (secondary and primary)—have been identified as key
sources of uncertainty in estimates of radiative forcing of climate change. Recent significant advances in
measurement technigues and laboratory and field observations (e.g., by ARM) have identified gaps in
model treatments of these aerosols. For example, most models underestimate organic carbon, their light
absorption at short wavelengths, and the effect of coatings on absorption by black carbon. Most IPCC
AR5 models (e.g., CESM) now use size-resolved and speciated treatments of carbonaceous aerosols with
first principles calculations of optical properties from refractive indices, size distribution, composition,
and mixing state. Some IPCC AR5 simulate an anthropogenic direct aerosol radiative forcing of 0.0 to
-0.1 W/m2, which is substantially more positive than most estimates (-0.5 W/m2) by IPCC AR4 models.
We will analyze recent laboratory and field observations that have observed (or constrained) size
distributions, optical properties, black carbon mass, and even organic composition, and use them to
evaluate the treatments of carbonaceous aerosols in CESM, GISS, and ECHAM models. We hypothesize
that improved treatments of carbonaceous aerosols in models to better match observations is the reason
why the direct forcing aerosol forcing by AR5 models has increased to 0 to -0.1 W/m2 from -0.5 W/m2
for AR4 models. Our paper will test this hypothesis.
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Deliquescence, efflorescence, and phase miscibility of mixed
particles of aqueous ammonium sulfate and isoprene-
derived secondary organic material
Scot Martin, Harvard University
Mackenzie Smith, Harvard University
Allan Bertram, University of British Columbia

The hygroscopic phase transitions of particles composed of laboratory-generated secondary organic
material and ammonium sulfate were investigated using a dual-arm tandem differential mobility analyzer.
Organic material was generated via isoprene photooxidation at organic mass concentrations of 20 to

30 pug m-3 and oxygen-to-carbon ratios of 0.67 to 0.74. We show that the organic material produced by
isoprene photooxidation exerts a measurable influence on the hygroscopic properties of ammonium
sulfate. For particles of high organic volume fraction, both the efflorescence and deliquescence relative
humidity (ERH and DRH, respectively) of mixed particles decreased by greater than 20% relative
humidity compared to pure ammonium sulfate values. The partial dissolution of ammonium sulfate was
also induced at relative humidities less than the final DRH. The implication is that isoprene
photooxidation products are miscible with the aqueous inorganic phase and are therefore able to alter the
hygroscopic behavior of ammonium sulfate. This implication is consistent with a parameterization
predicting phase separation as a function of organic material oxygen-to-carbon ratio. In the context of
previous work, these results show that the influence of secondary organic material on the hygroscopic
properties of ammonium sulfate varies with organic composition and confirm that the degree of
oxygenation of the organic material, including complex organic materials, is an important variable
influencing the hygroscopic properties of mixed organic-inorganic particles.

Determination of and evidence for non-core-shell structure of
particles containing black carbon using the single particle
soot photometer (SP2)

Arthur Sedlacek, Brookhaven National Laboratory
Ernie Lewis, Brookhaven National Laboratory
Larry Kleinman, Brookhaven National Laboratory
Qi Zhang, University of California, Davis

The large uncertainty associated with black carbon (BC) direct forcing is due, in part, to the dependence
of light absorption of BC-containing particles on the position of the BC within the particle. It is predicted
that this absorption will be greatest for an idealized core-shell configuration in which the BC is a sphere at
the center of the particle whereas much less absorption should be observed for particles in which the BC
is located near or on the surface. However, such microphysical information on BC-containing particles
has previously been provided only by labor-intensive microscopy technigues, thus requiring assumptions
for radiative transfer calculations (e.g., Lorenz-Lorentz mixing rule or core-shell model). The present
poster describes a novel analysis method that utilizes the temporal behavior of the scattering and
incandescence signals from individual particles containing refractory BC (rBC) measured by the single
particle soot photometer (SP2) to distinguish particles with rBC near the surface from those that have
structures more closely resembling the core-shell configuration. This approach permits collection of a
high-time-resolution data set along with better counting statistics regarding the fraction of rBC-containing
particles with rBC near the surface, ®ns. Application of this method on a plume containing organic
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aerosol markers for biomass burn reveals that over 60% of the rBC-containing particles have rBC near the
surface. Such a data set will not only provide previously unavailable information to the climate modeling
community, allowing greater accuracy in calculating rBC radiative forcing, but also will yield insight into
aerosol processes and life cycle.

(1a): Fraction of near-surface
rBC-containing particles, ®ns
(red dots), and organic aerosol
mass concentration determined
by HR-ToF-AMS (green dots).
(1b) The ratio of the mass
concentrations of C2H402+
(m/z=60) and C3H502+
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Flux-induced growth of atmospheric nano-particles by organic vapors
Jian Wang, Brookhaven National Laboratory
Robert McGraw, Brookhaven National Laboratory
Chongai Kuang, Brookhaven National Laboratory

Atmospheric aerosols strongly influ