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From the
Director

Our forward-thinking scientists are improving the monitoring

and assessment of climate variability and change, the development

of models, and the prediction of environmental changes.
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Our world is changing fast, under pressure from dimate
change, growing demands for finite resources, and the ex-
tinction of many plants and animals. In this period of unpar-
alleled global change, CIRES occupies a critical intersection.

We are a world leader in environmental sciences committed to
identifying and pursuing innovative research in Earth system
science for a sustainable world and to fostering public aware-
ness of this research. Our research is essential for understanding
the processes and feedbacks in many Earth science disciplines,
and to foster cross-disciplinary understanding of the cryo-
sphere, biosphere, atmosphere, geosphere, and hydrosphere.
CIRES scientists are identifying and quantifying changes in

a warming climate, providing baseline data against which to
measure change, and informing the public and the policy mak-
ers about these changes. Our forward-thinking scientists are
improving the monitoring and assessment of climate variability
and change, the development of models, and the prediction of
environmental changes.

The CIRES research budget continues to grow and has sur-
passed $53 million, supporting 651 employees, including 20
faculty lines, 427 scientists, 36 administrative support personal,
95 graduate and 73 undergraduate students. Even in a time of
international fiscal contraction and uncertainty, we were able to
grow our research support by 4.7 percent last year.

We published 594 papers in peer-reviewed journals, 27 percent
more than last year, which indicates increased productivity and
improved dissemination of our research findings in the open lit-
erature. CIRES researchers and staff received a large number of
honors and awards in the past year, ranging from the American
Geophysical Union Robert Horton medal (Dr. Vijay Gupta), the
Humboldt Research Fellowship (Dr. Roger Barry), Fellow of the
American Geophysical Union (Dr. Steven Nerem), the Out-
standing Women Scientist Award (Tilottama Ghosh), Fellow of
the American Meteorological Society (Dr. Henry Diaz), and the
Astellas Foundation Prize from the American Chemical Society
(Dr. Robert Sievers)—to name just a few.

We welcome two new CIRES tenure-track faculty researchers:
Dr. Mark Serreze, Professor in the Department of Geography,
and Dr. Max Boykoff, Assistant Professor in the Environmental
Studies Program. Dr. Serreze was also appointed as the new
director of CIRES’ National Snow and Ice Data Center (NSIDC).

This report summarizes ongoing research in six research
themes: advanced modeling and observation systems, climate
system variability, geodynamics, planetary metabolism, re-
gional processes, and integrating activities. Further, it provides
a brief overview of research conducted by CIRES Fellows, the
research activities of five CIRES scientific centers, the Western
Water Assessment, and education and outreach. In my view, the
breadth, depth, and innovation of this research is outstanding—
but I let you be the judge.

The annual report is a collaborative effort of a number of peo-
ple in CIRES—researchers as well as administrative staff—and
they all deserve credit for what you will find on the following
pages. In particular, I would like to acknowledge Dr. Suzanne
van Drunick, Katy Human, and Steve Miller, who were instru-
mental in coordinating this effort. Enjoy your reading!

Mmoo St
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Executive Summary and Research Highlights

CIRES: Science in Service to Society

The Cooperative Institute for Research in Environmental
Sciences (CIRES) at the University of Colorado at Boulder
has been a world leader in environmental sciences since
1967. CIRES researchers pursue science in service to soci-
ety, applying both established and innovative techniques
to pressing problems around the globe. In 2009, CIRES, the
oldest and largest of NOAA'’s cooperative institutes, com-
pleted the fifth year of its current cooperative agreement
(Agreement) with NOAA. This summary highlights many
of the past year’s activities and research accomplishments,
demonstrating how CIRES continues help NOAA meet its
strategic goals.

During fiscal year 2009 (FY09), 1 July 2008 to 30 June
2009, CIRES supported 182 research sci-
entists, 199 associate scientists, 30 visiting
scientists, 16 postdoctoral researchers, 36
administrative staff, 95 graduate students,
and 73 undergraduate students. CIRES is
particularly proud of its 20 faculty lines.
In total, CIRES supported 651 scientists,
administrative staff, and students, with
an overall extramural research budget
of nearly $50,000,000 (4.7 percent more
than FY08). Including university faculty

CIRES Earth Science
and Observation Center:
New name, new mission

“We advance scientific and
societal understanding of

New this year, Dr. Mark Serreze was selected to lead the
CIRES’ National Snow and Ice Data Center (NSIDC), fol-
lowing a highly competitive international search for a new
director. Dr. Serreze will succeed Distinguished Professor
Roger Barry, who stepped down as director in 2008 after
31 years of service. Dr. Serreze, CIRES Fellow and senior
research scientist at NSIDC since 2005, will officially
become the new director and Professor of Geography in
August 2009. He brings to the position internationally
recognized expertise in Arctic climate change, especially
his research into the environmental implications of the
rapidly declining Arctic sea ice cover. Dr. Serreze has
authored more than 90 scientific publications, including
an award-winning textbook, The Arctic Climate System,

coauthored with Dr. Barry.

A junior faculty search by the
Center for Science and Technology
Policy Research was also success-
ful. Dr. Maxwell Boykoff will join
CIRES in the fall of 2009 as CIRES’
newest fellow and Assistant Profes-
sor of Environmental Studies. Dr.
Boykoff’s research interests include
environmental governance, science

support, CIRES’ total budget is more than and policy interactions, and politi-
$53,500,000 and NOAA funds account for the_Earth S‘Y stem based cal economics and the environment,
about $25,500,000 (48 percent). on innovative remote- with a focus on the transformations

New Leaders

CIRES is a dynamic institute, and in
FY09 four of its centers had a planned
change in leadership. In September 2008,
Dr. William Travis, CIRES Fellow and
Associate Professor of Geography, became

sensing research. Through
our research, we provide
fundamental insights

into how the Earth system
functions, how it is changing,

of carbon-based economies and soci-
eties. Prior to joining CIRES, he was
a research fellow in the Environmen-
tal Change Institute and department
lecturer in the School of Geography
at the Oxford University Centre for
the Environment.

the new director of ’ghe Center for Science and what those changes The CIRES Council of Fellows is
and Technology Policy Research. Dr. Tra- g eeniEnin i also pleased to welcome Dr. Rainer
vis is an expert in natural hazards, land eantor lire on tarth, rorthe Volkgmer Assistant Profess.or in
use, and human ecology. Also in Septem- benefit of human kind.” !

ber, 2008, Dr. Prashant Sardeshmukh, CI-

RES Fellow and senior research scientist,

became the new director of the Climate

Diagnostics Center. His area of expertise is the effects of
rising ocean temperatures on land temperatures.

The former Center for the Study of Earth from Space has
a new director, Dr. Waleed Abdalati, CIRES Fellow and
Associate Professor of Geography, and a new name, the
Earth Science and Observation Center (ESOC). Prior to
joining CIRES in July 2008, Dr. Abdalati was the head of
National Aeronautics and Space Administration (NASA)
Cryospheric Sciences Branch at the Goddard Space Flight
Center. In February, he developed a new strategic plan
with a new mission and vision for ESOC. Dr. Richard
Spinrad was among the many guests who attended
the center’s open house, held to encourage NOAA and
university-wide collaboration with ESOC’s six faculty
members on a broad range of activities from in situ ob-
servations to unmanned aircraft systems deployment and
satellite mission design.

Chemistry and Biochemistry. Dr.
Volkamer studies atmospheric
chemistry in the context of air qual-
ity and climate, using a combination
of in situ and remote-sensing measurement techniques.
His current projects include ocean-atmosphere interac-
tions over the tropical Pacific Ocean, coastal atmospheric
chemistry affecting mercury levels, and the dynamics of
ozone and secondary organic aerosol precursor gases. In
2009, Dr. Volkamer was awarded the Faculty Early Career
Development Program, the National Science Foundation’s
most prestigious award in support of junior faculty who
exemplify the role of teacher-scholars.

Successful Programs

CIRES is very pleased to continue support of its estab-
lished competitive programs that provide research and
education opportunities to visiting scientists, innovative
CIRES scientists, and graduate students. This past year,
six visiting fellowships were awarded to postdoctoral and
sabbatical scientists conducting diverse research on ice,
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clouds, mountain-building, and more.

The Innovative Research Program funded nine novel,
inventive proposals to support exploratory research. Sup-
ported projects ranged from the use of mini-gliders for
making high-resolution atmospheric measurements to cli-
mate change impacts on ocean productivity and the effect
of mountain pine beetles on emissions of volatile organic
compounds from the soil.

The CIRES Distinguished Lecture Series featured five
notable speakers: Dr. Susan Solomon, Dr. Gerard Roe, Dr.
Alan Robock, Dr. Greg Carmichael, and Dr. Raymond
Bradley. The invited speakers gave engaging presentations
on climate change prediction, geoengineering as a possible
solution to a warming climate, the globalization of air pol-
lution, and deglacierization of the tropics. Researchers at
NOAA'’s David Skaggs Research Center have the opportu-
nity to meet and collaborate with CIRES’ newest fellows,
center directors, and senior scientists at an on-site seminar
series, established in early 2008.

CIRES is a strong supporter of its graduate students and
is working closely with its Graduate Student Associa-
tion, recently created to provide a venue for students to
discuss their research in organized seminars and to enjoy
social events with colleagues. The ESRL-CIRES Gradu-
ate Student Research Fellowship, started in the last fiscal
year, awarded one master’s and two doctoral fellowships
to new CIRES graduate students, who will complete their
coursework in a CIRES-affiliated department or program
at the university while conducting research at ESRL. In
a separate program, seven new and current students ad-
vised by a CIRES fellow were awarded research assistant-
ships.

New Events and Awards

CIRES participated in, organized, and sponsored numer-
ous events in FY09. Highlights include a special briefing in
August by CIRES’ climate scientists for a group of Italian
delegates interested in understanding climate change
impacts on ice sheets, sea ice, permafrost, and sea level,
and in policy research on mitigation and adaptation. Fred
Fehsenfeld, one of the first NOAA scientists to be ap-
pointed as a CIRES fellow, was honored at a symposium
and luncheon in September 2008 for 46 years of scientific
achievement. Dr. Fehsenfeld is among the most-cited
geoscientists in the world, with more than 300 published
papers, and he has received dozens of scientific awards
and honors. Also recognized for his achievements was
CIRES Fellow and former Director Robert Sievers, who
is developing a patented inhalable measles vaccine. Dr.
Sievers received the Governor of Colorado’s Award for
Research Impact in February 2009.

CIRES Education and Outreach held two climate change
workshops on teaching and effectively communicating
climate science. The Western Water Assessment held four
workshops on tree-ring reconstruction and projections
of streamflow, agriculture-to-urban water transfers, and
climate change modeling for water providers. CIRES was
also an active contributor to the University’s Renewable
and Sustainable Energy Initiative and the founding of
the new Center for Research in Wind Energy, part of the
Colorado Renewable Energy Collaboratory comprised of
three academic institutions and three federal labs, includ-
ing NOAA.
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CIRES’ Robert Sievers and Colorado Governor Bill Ritter.

NOAA'’s Priorities

This annual report is an accounting of collaborative
research goals described in the CIRES-NOAA FY09 and
FY10 Scientific Workplan, year one. The report is organized
by NOAA's six scientific themes identified in the Agree-
ment—advanced modeling and observing systems, cli-
mate system variability, geodynamics, planetary metabo-
lism, regional processes, and integrating activities. Select
research highlights from each of the scientific themes are
presented below.

Advanced Modeling and Observing Systems

CIRES researchers characterize and predict the state
of the Earth system on a variety of scales using direct
observations and mathematical techniques for projecting
outcomes. This theme includes work in diverse disci-
plines, including atmospheric chemistry, atmospheric and
oceanic processes, cryospheric processes, space weather,
nonlinear systems applications, data centers, and data
management.

Instruments to measure the chemical composition of the
atmosphere are critical for understanding how atmospher-
ic chemistry relates to climate and air quality. Atmospheric



NOAA

A research jet takes off during the HIPPO mission.

chemistry is governed by trace quantities of several

gases, as well as liquid and solid particles. These occur in
minute amounts and are often ephemeral. State-of-the-art
techniques, customized to measure these hard-to-measure
species, often enable the discovery of new areas of chemis-
try important in the atmosphere. CIRES has made several
technical advances in instrumentation this fiscal year: De-
velopment of a scanning aerosol lidar system to measure
plume dispersion, rise, and particle mass emission rates
from jet engines; development of an aircraft-based lidar
for measuring wind and turbulence; and an improved
version of a single-particle albedo instrument that will
help scientists understand the radiative effects of aerosol
particles as well as the optical properties of dust.

CIRES also contributed to NOAA'’s atmospheric research
goals by improving environmental modeling and predic-
tion using data collected in focused observational cam-
paigns as well as from space-borne measurements. Such
improvements enable researchers to better understand
tropical storm and other hazardous weather development,
regional climate prediction, and air quality. CIRES focused
particularly on models that 1) predict atmospheric river
events responsible for winter floods along the West Coast,
2) improve our understanding of how physical processes

influence sustained precipitation, and 3) simulate how
low-elevation winds, the main conveyer of water vapor and
anthropogenic pollution, are shaped by complex topog-
raphy—a notoriously difficult task. For example, CIRES
researchers were able to identify sensitivity in the Weather
and Research Forecasting (WRF)-modeled low-level winds
in the Central Valley of California to uncertainties in atmo-
spheric forcing and soil initialization. This low-level wind
research represents a new paradigm in atmospheric model-
ing, with researchers working directly on the model used
operationally at NOAA National Centers for Environmen-
tal Prediction. Findings are being used in planning efforts
for future air quality research in California.

The detailed processes occurring within cloud systems
are difficult to study, but critical in understanding and
forecasting precipitation. The dynamic and microphysical
processes of cloud systems influence the number and size
of raindrops, so by studying the vertical structure of rain-
drop size distribution, CIRES researchers are beginning
to understand the processes taking place within cloud
systems. In FY09, scientists studied raindrop distribution
and cloud dynamics with Doppler radars and other cus-
tom instrumentation. One comparison showed that two
instruments—a C-band polarimetric scanning radar and a
vertically pointing profiler—produced comparable mea-
surements, both with relatively small estimated errors.

FY09 was a productive one in the development, plan-
ning, and use of unmanned aircraft systems (UAS) for sci-
entific research. Researchers worked with the U.S. Federal
Aviation Administration, NOAA, NASA, and Advanced
Ceramics Research to develop properly equipped aircraft,
to test them, and to establish the international relation-
ships that make this research possible. UAS are taking
researchers into environments and weather too hostile to
otherwise access to bring back valuable new data that are
helping improve weather and climate predictions. UAS
are advancing accurate and reliable data sampling, in par-
ticular, in places such as the Arctic, inside hurricanes, and
in remote oceanic areas, filling critical data gaps in climate
research. Flights over meltponds on the Greenland Ice
Sheet in July 2008 collected data on the depth and volume
of lakes, at a level of detail never previously attained.

CIRES scientists also took climatology modeling beyond
the atmosphere and into outer space this year. Under-
standing space weather is vital for the advancement of
science, including the engineering and planning of satel-
lite missions and better understanding of how the space
environment affects Earth’s atmosphere. CIRES is working
with the U.S. Department of Defense’s Air Force Weather
Agency, NASA’s Living with a Star Program and NOAA'’s
Space Weather Program to assess the current state of the
space environment. Through this partnership, scientists
are archiving data, evaluating physical space environment
models, constructing data assimilations to drive the best
models, generating gridded databases, supporting virtual
observatories, and building the first climatology of the
space environment. CIRES space climate modeling is ap-
proaching real-time, with global coverage.

Climate System Variability

Climate directly influences agriculture, water quantity
and quality, ecosystems, and human health. Understand-
ing and predicting climate system variability is of critical
interest to the public and to a broad array of decision mak-
ers within federal and state government, industry, natural
resources management, and hazard mitigation. CIRES

CIRES Annual Report 2009 7



Vegetation ready for experimental burning, and the burn.

research on this theme addresses climate change that oc-
curs on time scales from seasons and decades to millennia.
The scope of research efforts includes the study of climate
trends and predictions of climate variability, mechanisms
and forcings of climate variability, climate and cryosphere
interactions, atmospheric ozone, and extreme events and
rapid climate change.

One of the greatest challenges in climate science research
is understanding how anthropogenic forcing may modify
natural variability. This knowledge is essential for reduc-
ing the uncertainty in climate projections during the next
several decades, and for predicting the risks of extreme
weather and climate events. Toward this goal, CIRES has
been working to explain the relationship between recent
multi-decadal changes in tropical ocean temperatures and
the global atmospheric circulation. Techniques include
the use of atmospheric models forced by sea-surface
temperatures, ocean models forced by wind stresses and
heat fluxes, and hierarchies of coupled ocean-atmosphere
general circulation model simulations. One project
analyzed the relative contributions of El Nifio-Southern
Oscillation (ENSO)-related and ENSO-unrelated tropi-
cal sea-surface temperature variations on global climate
change during the past 130 years. CIRES research revealed
that previously identified multi-decadal variations in the
Pacific, Indian, and Atlantic oceans all had substantial
ENSO components, and their long-term warming trends
also had appreciable ENSO components. ENSO-unrelated
events were attributed to a combination of anthropo-
genic, naturally forced, and internally generated coherent
multi-decadal variations. Two surprising aspects of these
ENSO-unrelated variations are worth noting. First, there
is a strong cooling trend in the eastern equatorial Pacific
Ocean, and second, a nearly zonally symmetric multi-
decadal Tropical-Extratropical seesaw has amplified in
recent decades, which may play a major role in modulat-
ing sea-surface temperature over the Indian Ocean.

One of the most highly publicized research findings
during the past year is a hallmark example of the collabo-
ration between CIRES and NOAA researchers. Analyses
of commercial ship emissions revealed the unexpected
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finding that tugboats emit more black carbon per kilogram
of fuel burned than any other type of vessel, and large
cargo ships emit twice as much as previously estimated.
On a global scale, black carbon currently traps about 30
percent as much heat as does carbon dioxide. These small
dark particles absorb sunlight, affect how clouds and
precipitation form, and have been linked to impairment of
cardiac and respiratory function in humans. Tugboats may
disproportionately impact human health because they
emit potentially harmful contaminants near densely popu-
lated urban areas. However, the release of black carbon
and other particles into remote regions, which are likely to
experience increased ship traffic as sea ice diminishes and
new shipping routes expand, may compound ice melt by
radiative forcing.

Two decades after an international treaty first restricted
the production of many substances that deplete strato-
spheric ozone, atmospheric burdens of several ozone-de-
pleting substances are in decline. However, stratospheric
ozone depletion remains a global environmental concern.
Stratospheric ozone levels in some regions are unlikely to
return to pre-1980 values. The 22-year ozonesonde record
at South Pole shows that up to the year 2007, there have
been no definitive signs of springtime stratospheric ozone
recovery.

Central to our current understanding and prediction of
ozone depletion is the continued monitoring of strato-
spheric ozone and the key constituents that deplete it. It is
also critical to determine the impacts of ozone depletion
on climate change, and vice versa. CIRES contributed to
these efforts in many ways. CIRES researchers helped up-
date NOAA’s annual Ozone-Depleting Gas Index, which
showed a sustained overall decline in the atmospheric
abundance of ozone-depleting substances, despite more
rapid increases of hydrochlorofluorocarbons (substitute
compounds that have less impact on ozone). CIRES staff
helped validate satellite ozone profiling and total column
ozone measurement systems with ozone profile infor-
mation derived from ground-based instruments. The
continuity of ground-based profile instruments is critical
in validating data obtained from satellite instruments



that have a limited lifetime. CIRES staff also collaborated
with international colleagues to make measurements of
the latitudinal, longitudinal, and vertical distributions

of ozone-depleting substances during different seasons
above a large region of the Pacific Ocean. This produced
a unique dataset that is extremely valuable in studies

of tropospheric dynamics, and in quantifying oceanic
fluxes of these substances and other climate-related gases.
Airborne measurements of trace gases in the tropopause
region provide important insights into transport and
mixing between the stratosphere and troposphere, and
are important for climate and stratospheric ozone calcula-
tions. A novel, global cross-section of latitude versus
altitude distributions of SF, and CO, was developed and
offers a multitude of useful information, including pre-
ferred altitudes for transport of air between the Northern
and Southern hemispheres.

CIRES scientists and colleagues also sought to under-
stand—using models and historic data—the
extent to which tropical climate variabil-
ity is forced from the North Pacific
through oceanic pathways, gener-
ated locally, or forced through
the atmosphere. This project
uncovered two distinct
patterns: A slow effect of
wind stress and surface
heat anomalies in the
subtropical North
Pacific, triggered
during spring,
which reaches the
equator four to
five years after
forcing and excites
tropical variability
efficiently. Less ef-
ficient is a fast sig-
nal, triggered from
November-March,
which affects tropi-
cal variability within
a year. These findings
revealed a significant ef-
fect of extratropical forc-
ings on tropical variability.
In other modeling work,
CIRES discovered a previously
unreported spurious feedback in
atmospheric general. Such simula-
tions have grossly underestimated the
observed magnitude of the North Atlantic
Oscillation trend during the last 50 years.

Other efforts to detect and monitor trends of gases and
particles in the atmosphere include the collaborative
expansion of NOAA’s North American Carbon Observing
System (Carbon America). The Boulder Atmospheric Ob-
servatory tower, operated since the 1970s, was instrument-
ed for monitoring of urban and industrial sources of CO,
and CO from the nearby Denver metropolitan area. Three
new tower sites were also established, including the tallest
tower with continuous CH , measurements (Sacramento,
CA) and the first tower located within an urban center
(San Francisco, CA). Both California tower sites provide
daily measurements of a variety of greenhouse gases,
carbon isotopes, halocarbons, and other compounds. A

new tall-tower site was also established in Iowa to moni-
tor agricultural ecosystems in the nation’s corn belt, where
CQO, concentrations are expected to vary seasonally and
annually depending on crop uptake.

In addition, CIRES researchers and NOAA collaborators
created a consistent, gridded emissions dataset of gaseous
and particulate species from anthropogenic activities and
biomass burning from 1850-2000. These data will support
modeling studies that are part of the Intergovernmental
Panel on Climate Change’s Fifth Assessment Report. Pro-
jections of future emissions will use the 2000 emissions as
a starting point to ensure continuity in emissions between
historical and future distributions. CIRES researchers
also added significantly to an online glacier photograph
database, and to several other datasets in high demand by
researchers and the public, from an Arctic Sea Ice Index
to long-term records of temperature and precipitation in
Central Asia.

Geodynamics

CIRES geodynamics research focuses
on the internal processes of the
planet, including the properties
of the core-mantle bound-
ary, convection within the
Earth’s mantle, and the
effects of convection
on the surface of the
planet. The convec-
tive process plays
an indirect but
| fundamental role
w in determining the
] Earth’s climate by
affecting surface
topography. Ad-
vances in geody-
namic research can
help to predict and
mitigate natural
hazards including
earthquakes, volca-
noes, floods, storm
surges, and global sea-
level rise.

The direction of Earth’s
magnetic field provides a natu-
ral reference frame for orienting
devices on the surface, underground,

Arep r’es‘entation '.)f and in the oceans, atmosphere, and
Earth’s lithospheric f .

: near-Earth space. Magnetic direction
magnetic field.

is translated into geographic direction
using magnetic reference models. To
maintain precision, these models are regularly updated
with the latest magnetic field observations. Using six years
of satellite magnetic measurements from the CHAMP
satellite, CIRES and NOAA released the Equatorial Elec-
tric Field Model (EEFM1), which provides the mean and
variance of the equatorial electric field as a function of lon-
gitude, local time, season, solar flux, and lunar local time.

An Earth Magnetic Anomaly Grid (EMAG2) was also
compiled from satellite, ship, and airborne magnetic mea-
surements to provide insights into the subsurface struc-
ture and composition of Earth’s crust. This year, CIRES
researchers and colleagues improved grid resolution to

CIRES Annual Report 2009 9



An Arctic river valley seen from a research aircraft during the HIPPO mission.

2-arc minutes (previously 3-arc minutes) and included ad-
ditional grid and trackline data over land and oceans.

Planetary Metabolism

Planetary metabolism encompasses the complex web of
biochemical and ecological processes that occur within
the biosphere and their interaction with the lithosphere,
atmosphere, and hydrosphere. Both natural and anthro-
pogenic disturbances drive the structure and dynamics of
natural systems, therefore, a thorough understanding of
these complex processes is essential to protect the bio-
sphere from the adverse effects of pollution, destruction of
natural landscapes, and climate change. Research within
this theme focuses on biogeochemical cycling, biosphere-
atmosphere interactions, the response of natural systems
to perturbations, and the transport and fate of chemicals
in the biosphere.

To better understand the role that gas exchange between
the biosphere and atmosphere plays in shaping regional
climate and air quality, CIRES researchers made ultra-
sensitive measurements of gases that are emitted by veg-
etation or that are the result of biomass burning (natural
or anthropogenic). Vegetation naturally emits terpenes,
which undergo oxidation and can affect human health,
regional haze, and climate. CIRES researchers measured
particle nucleation following the gas-phase oxidation of
the atmospherically most abundant sesquiterpenes. Even
at low concentrations (less than 100 ppt), the scientists
learned, new particle formation was efficient. The new
data were interpreted with a molecular-level nucleation
model, and the nucleation process will be parameterized
for input into regional aerosol and air quality models.

CIRES researchers measured the emissions of acidic and
other trace gases from biomass burning in work con-
ducted at the Fire Sciences Laboratory in Missoula, MT. A
new, CIRES-developed chemical ionization mass spec-
trometry (CIMS) method picked up very large emissions
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of nitrous acid. Atmospheric nitrous acid is a direct source
of radicals and could lead to rapid chemical changes in
forest fire plumes. Interestingly, this project also identified
isocyanic acid as a large component of emissions from
burning vegetation—isocyanic acid has not been observed
in the atmosphere, so the implications of this finding are
currently being researched.

Anthropogenic light pollution is an increasing global
ecological concern because of its negative impacts on criti-
cal animal behaviors, including foraging, reproduction,
and communication. CIRES researchers and colleagues
around the world developed a mission concept for a near-
synchronous orbit satellite that could collect moderate-
resolution nighttime light data with increased spatial and
spectral resolution. An example dataset was obtained
from the International Space Station, revealing a multi-
tude of features not visible in current nighttime satellite
imagery. These products will be used in mapping urban
growth and modeling the density of impervious surface
areas, global economic activity, national level gas flaring
volumes, and trends in fishing activity.

Regional Processes

Climate variability and extreme weather events are influ-
enced by topography, watersheds, vegetation, and other
geographical features that often impact very specific popu-
lations, economic systems, and ecosystems. CIRES research-
ers are working to better understand regional scales of
forcing in order to improve forecasting tools and to manage
local impacts of weather extremes and natural resource use.

In FY09, CIRES evaluated natural and anthropogenic
ozone and fine-particle precursors in key regions of the
United States from air, ship, and ground-based sites.
These regional air quality studies focused on natural emis-
sion sources, anthropogenic emission sources (e.g., power
plants and refineries), coastal meteorological influences
on ozone production, the regionality of ozone production,
and the chemical makeup of fine particles.



Research on the distribution and transport of ozone
and aerosols in the Front Range urban corridor during
Summer 2008 may help the greater Denver area address
some of its most urgent air quality problems, such as the
2007 violation of the national ozone standard and future
violations that are likely to occur with a new, lowered
ozone standard. CIRES made observations using NOAA'’s
airborne ozone lidar on a Twin Otter aircraft and a with
small network of Doppler wind profilers, and found
that high-ozone air from the Denver metro area was
transported west by easterly winds, with highest levels
typically found over the western suburbs and along the
eastern slope of the mountains. If the mixed layer was
deep enough, the ozone plume was pushed further west
across the Continental Divide, resulting in high ozone
levels and reduced visibility in Rocky Mountain National
Park. Ozone was also vented into the free troposphere and
transported back east by predominantly westerly winds
above the boundary layer. In the Houston area, analyses
of data from the 2006 Texas Air Quality Study field study
showed that fluxes of volatile organic compounds and
other trace gases that contribute to rapid ozone formation
exceed the inventory emissions by approximately an order
of magnitude. These results help to explain why models
cannot reproduce the rapid ozone formation that is often
observed in petrochemical plumes.

Data from the 2006 Texas Air Quality study were also used
to determine the ratio of black carbon to carbon monoxide
in the boundary layer—that ratio is important in global
climate and regional air quality modeling. The compact
linear relationship CIRES uncovered should be of value
in estimating black carbon mass loadings from the more
widely available carbon monoxide measurements in other
urban regions. CIRES also evaluated the size distribution
and coating of individual black carbon particles in fresh
emissions from urban and biomass burning in the Dal-
las and Houston areas. Compared with carbon particles
originating from burning biomass, urban-generated black
carbon particles were smaller, had fewer, thinner coatings,
and less absorption per unit mass. These results suggest
that urban black carbon may have a longer lifetime in the
atmosphere and could interact with cloud and ice particles
differently than biomass black carbon—information that is
useful for constraining climate and aerosol models.

The radiative forcing of clouds, and the modification of
this forcing due to aerosol, is one of the largest unknown
variables in climate change. Based on observations and
modeling associated with the 2006 Gulf of Mexico Atmo-
spheric Composition and Climate Study mission, CIRES re-
searchers conducted a rigorous test of the ability of a model
to simulate the effect of aerosol on cloud radiative forcing
by using both macroscale properties (cloud fraction, cloud
depths, water content) and microscale properties (cloud
drop size distributions). CIRES found good agreement
between the observations and model, provided the aerosol
residing between the clouds was included in the calcula-
tions. These results demonstrate the importance of cloud-
enhanced scattering by aerosol residing between clouds.

Understanding regional emissions of climatically
important aerosols and gases is critical for assessing and
mitigating global impacts, and for informing international
policy makers. CIRES researchers published work in FY09
showing that in the Alaskan Arctic, a large amount of
black carbon, which can enhance sea ice melting by direct
radiative forcing, is transported from forest fires in the
Lake Baikal region of Siberia and agricultural biomass

burning further west in Kazakhstan. The United States
also receives smoke plumes from fires in Central America,
dust from Africa, and large-scale pollution and dust trans-
ported at mid-latitude across the Pacific Ocean from Asia.
To understand the regional sources and distribution of
gases originating in Asia, CIRES deployed instruments in
the Anhui Province of China from May to December 2008,
to measure aerosol optical and cloud forming processes.
In addition, a CIRES analysis of comprehensive ozone
profile data from western North America indicates that
ozone in the free troposphere has increased. Tropospheric
background ozone entering the West Coast of the United
States, as measured at Trinidad Head, CA, makes it harder
for inland parts of the state to meet air quality standards.

The development of wind energy may help to mitigate
air quality impairment by fossil fuels, provided it can be
a reliable source of energy. CIRES researchers are work-
ing to reduce uncertainty in wind power production by
developing techniques to accurately estimate the stable
boundary layer depth, thereby helping to understand and
predict high variations in wind and turbulence conditions
that affect taller modern turbines.

Integrating Activities

CIRES is committed to working across conventional
disciplinary boundaries to produce rigorous, cutting-edge
science and technology and to share that knowledge with
a broad audience. The Institute’s wide range of integrating
activities in research, education, and outreach encompass
each of its research themes. CIRES’ integrating activities
include K-12; interdisciplinary education and outreach;
undergraduate, graduate and post-graduate education;
scientific assessments; interdisciplinary research; and sci-
ence and technology policy research.

Scientific synthesis and assessment products provide an
essential link between research and policy. CIRES re-
searchers contributed to the U.S. Climate Change Science
Program’s Synthesis and Assessment Product 2.4, Trends
in Emissions of Ozone-Depleting Substances, Ozone Layer
Recovery, and Implications for Ultraviolet Radiation Exposure.
The Western Water Assessment released Climate Change in
Colorado, a synthesis of observed and projected data that
connect climate science with issues of greatest concern to
the water management and drought mitigation communi-
ties. The report received extensive media coverage and
was selected as a finalist for the Governor’s Research Im-
pact award. Researchers at the Western Water Assessment
gave more than 30 public presentations on the findings
of this report alone, and authored several chapters in the
Citizen's Guide to Colorado Climate Change. These efforts,
ongoing work to develop a Colorado Climate Roadshow
and a Climate 101 training workshop, and the continua-
tion of the hugely popular Intermountain West Climate
Summary, demonstrate CIRES” commitment to commu-
nicate our research to decision makers and the public to
ensure a sustainable future environment.

New CIRES research on predictors for the Upper Colora-
do River Basin streamflow and the role management could
play in mitigating the risk of Lake Mead water depletion
also received wide media attention. CIRES Fellow and
Western Water Assessment team member Balaji Rajagopa-
lan led a study that reported a 52 percent risk of reservoir
depletion in 2057, assuming a 20 percent reduction in
streamflow due to climate change—that extremely high de-
pletion risk could be reduced to 32 percent with aggressive
management, Dr. Rajagopalan and his colleagues found.
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Contributions
to NOAAS Vision

CIRES research reflects NOAA's commitment to address many of

the nation’s most challenging environmental needs and supports

NOAA's four mission goals: Ecosystems, Climate, Weather and Wa-

ter, and Commerce and Transportation.
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Mapping anthropogenic lighting will help inform studies of light stress on ecosystems.

Supporting NOAA's Strategic Mission

CIRES’ fundamental research priority—to enhance the
understanding and prediction of Earth’s environment—
compliments NOAA's priorities, articulated in New Priori-
ties for the 21st Century: NOAA Strategic Plan FY05-FY10.
CIRES’ cross-cutting, interdisciplinary research supports
the four Mission Goals identified in the NOAA Strategic
Plan: Ecosystems, Climate, Weather and Water, and Com-
merce and Transportation. The following are examples of
CIRES research in support of these goals.

Ecosystem Mission Goal: Protect, restore, and manage
the use of coastal and ocean resources through an ecosys-
tem approach to management.

CIRES contributes to NOAA’s ecosystem mission goal by
developing new datasets and other information products
that can help assess coastal hazards and the vulnerability
of U.S. communities. CIRES staff and NOAA colleagues
are developing precise, high-resolution digital elevation
models (DEMs) of at-risk U.S. coastal communities, for
example. DEMs are used to support tsunami modeling,
coastal inundation mapping, and scientific research. Other
efforts include enhancing the Hurricane Weather Fore-
casting model (HWRF) to improve forecasts for tropical
cyclone intensity, wave and storm surge, and hurricane-
related inland flooding. CIRES is conducting instrumenta-
tion and forecasting research leading to better prediction
of coastal flood and debris flow risk, notably in parts of
California that are vulnerable because of wildfire risk or
deficiencies in conventional observing systems. CIRES is

also providing spatial and temporal depictions of an-
thropogenic lighting associated with human settlements,
biomass burning, gas flares, and brightly lit fishing boats.
These products are helpful for assessing sensitive ecosys-
tems at risk from human disturbances (e.g., water pollu-
tion, intense tourism, bomb fishing) and direct impacts of
light (e.g., the disruption of normal, endogenous circadian
rhythms; failed or altered migration of birds, fish and
insects; disorientation of sea turtle hatchlings; impaired
reproduction in coral, reptiles, and amphibians; alterations
in the food web; and bird and bat mortality from colli-
sions with lighted structures). These data can inform the
identification of high-priority areas requiring restoration
or preservation.

Climate Mission Goal: Understand climate variability and
change to enhance society’s ability to plan and respond.

CIRES is a world leader in climate science research
relevant to NOAA's climate mission goal, contributing
significantly to all three categories of NOAA's climate-
related programs: 1) climate observations and monitoring,
2) climate research and modeling, and 3) climate service
development.

In the observation and monitoring arena, CIRES scien-
tists have inventoried, scanned, and made available online
dozens of climate databases, many of them focused on
Earth’s poles and glaciers. At the National Snow and Ice

CIRES Annual Report 2009 13



Data Center, CIRES staff added more than 4,000 glacier
photographs to an online database in FY09 alone, and up-
dated several other databases, from the Sea Ice Index and
melt pond maps to historic temperature and precipitation
data from Central Asia. CIRES staff also continued long-
term work to measure trends in atmospheric constituents
that contribute to greenhouse warming and stratospheric
ozone depletion, and conducted research to understand
the atmospheric dynamics that affect those trends.

In climate research and modeling, CIRES staff and
NOAA colleagues have released the 20th Century Re-
analysis dataset, representing 1908-1958, produced by
assimilating sparse historic observations with an ensemble
Kalman filter. Researchers here also conduct innovative
research on the effects of oceanic dynamics on atmospher-
ic variability; interactions between clouds, the boundary
layer and heat budgets; and the dynamics of ozone layer
recovery and its effects on climate—continuing to push
scientific boundaries in these fields.

In support of NOAA's goal to serve society with climate
products, CIRES researchers serve as authors, reviewers,
and coordinating editors of national and international
scientific assessments, designed to help decision makers
understand scientific findings. Two examples are CIRES’
contributions to the U.S. Climate Change Science Pro-
gram’s Synthesis and Assessment Product 2.4—on chemis-
try related to the stratospheric ozone layer—and CIRES’
Western Water Assessment (WWA)’s Climate Change in
Colorado report for the Colorado Water Conservation
Board and the Governor of Colorado, which was a finalist
for the Governor’s Research Impact Award.

Weather and Water Mission Goal: Serve society’s needs
for weather and water information.

CIRES researchers support NOAA'’s mission to provide
essential information on weather in several ways, includ-
ing by developing and maintaining a version of HWRF
and the experimental Flow-following finite-volume
Icosahedral Model (FIM), used by the weather research
modeling community. CIRES science advances numerical
weather model forecasting, both through model improve-
ments and evaluation and improved assimilation of data
collected in focused observational campaigns, ongoing
monitoring, and from satellite missions. CIRES serves
society’s needs for water information though the WWA
annual workshops and web site on tree-ring recon-
structions of streamflow for use in water management;
through a project to reconcile scientific estimates of the
effect of climate change on the Colorado River flow; and
through publications that translate science for decision
makers. WWA recently conducted a survey of readers of
its flagship publication, the monthly Intermountain West
Climate Summary, and found that the water-management
community highly values the publication, as an assess-
ment and translation of technical climate information and
forecasts for the decision-making community. WWA also
plays a valuable role in the drought task force organized
by the Colorado Water Conservation Board for Colorado’s
governor, and in the production of regional analyses and
forecasts of drought conditions. Related efforts by other
CIRES water researchers include the design of innova-
tive measurement systems, such as ground-, ship-, and
aircraft-based instruments to increase our understanding
of water-cycle processes; and analysis of satellite data to
better understand the global water cycle. Better data and

14 CIRES Annual Report 2009

-

The Western Water Assessment report, ‘Climate Change in Colo
a finalist for the Governor’s Research Impact Award.
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CIRES enhances marine transportation safety by developing marine
geophysical data that are critical for hazard mapping.



understanding lead to improvements in weather and climate
forecast models.

Commerce and Transportation Mission Goal: Support the
nation’s commerce with information for safe, efficient, and
environmentally sound transportation.

Researchers at CIRES are enhancing aviation transporta-
tion safety by improving regional-scale numerical weather
forecasts and verification approaches for aviation parameters
including icing, turbulence, convection, and oceanic weather.
CIRES enhances marine transportation safety by developing
and making public marine geophysical data that are critical
for hazard mapping and for understanding ocean circulation
patterns. CIRES has also made significant contributions to the
understanding of the environmental impact of ships, contrib-
uting to NOAA’s goal of environmentally sound transpor-
tation. CIRES published the definitive work on particulate
emissions from ships, which can affect air quality and human
health in ports and coastal areas, and can also affect radia-
tion balance, including in relatively pristine regions such as
the Arctic. CIRES ship emissions research has resulted in a
database larger than all other publications on the subject com-
bined, and staff are continuing the research, by designing sen-
sitive new instrumentation and planning new missions. CIRES
researchers also contribute to GPS navigational precision and
radio wave communication, by developing and improving the
analysis of Earth’s geomagnetic field, which is a natural refer-
ence frame for orientation on Earth’s surface, underground,
and in the oceans and the atmosphere.

In support of NOAA's goal to serve society with climate
products, CIRES researchers serve as authors, reviewers,
and coordinating editors of national and international
scientific assessments, designed to help decision makers
understand scientific findings.

o |
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Clouds ring Jan Mayen, a volcanic island in the Greenland Sea, during an expedition to investigate the processes involved in the intercontinental transport

of photochemical pollution.
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CIRES researchers explore all aspects of the Earth system and search for ways
to better understand how natural and human-made disturbances affect our dynamic
planet. CIRES' focus on innovation and collaboration has made the Institute a world
leader in interdisciplinary research and teaching.
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This is CIRES

CIRES links NOAAS divisions and centers to the University of Colorado at Boulder’s departments and programs.

University Departments
and Programs

Aerospace Engineering Sciences
Atmospheric and Oceanic Sciences

Chemistry
and Biochemistry

Civil, Environmental, and
Architectural Engineering

Ecology and Evolutionary Biology
Electrical and Computer Engineering
Geography

Geological Sciences

Molecular, Cellular, and
Developmental Biology

Physics
Environmental Studies Program
Geophysics Program

Hydrologic Sciences Program

CIRES Divisions
(ryosphericand Polar Processes
Ecosystem Science
Environmental Chemistry

Environmental Observations,
Modeling, and Forecasting

Solid Earth Sciences

Weather and Climate Dynamics

Interdisciplinary Centers
(limate Diagnostics Center
(enter for Limnology

Center for Science and Technology
Policy Research

National Snow and Ice Data Center

Earth Science and Observation Center

NOAA Earth System
Research Laboratory (ESRL)

Chemical Sciences Division
Global Monitoring Division
Global Systems Division

Physical Sciences Division

NOAA Centers
National Geophysical Data Center

Space Weather Prediction Center
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Administration and Funding

The Cooperative Institute for Research in Environmental
Sciences (CIRES) is a scientific research institute estab-
lished in 1967 between the University of Colorado at Boul-
der and the National Oceanic and Atmospheric Adminis-
tration. CIRES maintains an interdisciplinary environment
for research on the geosphere, biosphere, atmosphere,
hydrosphere, and cryosphere. Institute scientists conduct
environmental research that strengthens the scientific
foundation upon which NOAA’s many services depend.
CIRES’ long history of successful collaborations with
NOAA allow coordinated studies on a scale that could not
be addressed by university research units on their own.

CIRES’ direction is provided through its Council of Fel-
lows, its executive committee, and various other commit-
tees. The Institute fosters interdisciplinary science through
five centers that bridge traditional boundaries—the Na-
tional Snow and Ice Data Center, the Center for Limnolo-
gy, the Center for Science and Technology Policy Research,
the Climate Diagnostics Center, and the Earth Science and
Observation Center.

CIRES’ campus affiliation links NOAA to 13 university
departments and programs (see previous page). Com-
munication is facilitated through the Fellows, Members’
Council, scientific retreats, research symposiums, regular
town meetings, and outreach programs. Career progres-
sion and excellence are promoted through a career track
and an outstanding employee recognition program. A

Vision and Mission

As a world leader in environmental sciences, CIRES is committed

to identifying and pursuing innovative research in Earth system
science and fostering public awareness of these processes to ensure
a sustainable future environment. CIRES is dedicated to fundamen-
tal and interdisciplinary research targeted at all aspects of Earth
system science, and to communicating these findings to the global

scientific community, to decision makers, and to the public.

vibrant academic and research environment is fostered
through graduate student research fellowship programs, a
visiting faculty and postdoctoral program, an innovative
research program, and a distinguished lecture series. Ad-
vanced research tools are provided through an instrument
design group, machine shop, glassblowing, numerical
climate models, and access to remote sensing and analyti-
cal instrumentation.

Vice Chancellor for Research

Dean of the Graduate School

Executive Committee

Council of Fellows

Member’s Council

Associate Director

Directors of CIRES
Divisions

NOAA Lab Directors

Tenure-track

« Cryospheric and Polar Faculty

Processes
» Ecosystem Science

- Environmental
Chemistry

« Environmental
Observations, Modeling,
and Forecasting

- Solid Earth Sciences

- Weather and Climate
Dynamics

Science Staff
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Center Directors
« Center for Limnology

Associate Director
for Science

- Center for Science
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Research

« (limate Diagnostics
Center

Administration Science
Communications

« Earth Science and
Observation Center

- National Snow and Ice
Data Center



Expenditures by NOAA cooperative agreement,
individual awards and CU funds
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B Cooperative Agreement [ Contracts/Grants University of Colorado

In recent years, CIRES has maintained modest and steady
growth. The largest portion of CIRES’ funding (48 percent) is
provided by the Agreement with NOAA, and expenditures
in this category have increased every year for the last decade.
CIRES researchers have also had continuing success in ob-
taining external research awards (45 percent of CIRES’ total
funding). The university’s monetary contribution to CIRES
primarily covers faculty salaries, and it varies with year-to-
year changes in the CIRES-affiliated university faculty roster.

Agreement expenditures by task for FY09 are shown in the
top figure at right. Task I expenditures include CIRES admin-
istration and internal scientific programs, such as the Visiting
Fellows program. Task II provides partial funding for the
National Snow and Ice Data Center, the largest of CIRES' five
interdisciplinary scientific centers. Task III funds CIRES’ col-
laboration with NOAA’s Earth System Research Laboratory,
National Geophysical Data Center, and Space Weather Predic-
tion Center. Task IV was created to serve as an efficient admin-
istrative mechanism for directing NOAA research grants and
awards, which would otherwise be stand-alone projects out-
side the Agreement, to university researchers in fields aligned
with CIRES’ mission. CIRES has one such ‘shadow’ award,
NAO08OAR4320914, Dynamical Downscaling: Global Climate
Models’ Seasonal Predictions Using Regional Atmospheric
Modeling System (RAMS). The report for year one was
submitted on 5 June 2009. Task IV also includes NA17R]1229,
Reconstruction of Global and Southern Hemisphere Variability
and Regional Connectivity from Synthesis of Ice Core Isotope
Records with Process Modeling (not a shadow award.) The
report for year two was submitted 8 May 2009.

The largest share (56 percent) of Task I supports CIRES
administration, primarily salaries and benefits for the admin-
istrative staff (middle figure at right). The Visiting Fellows pro-
gram receives the second largest share (29 percent) of Task I
expenditures, and is supported by other funding as well. Task
T also provides partial support of CIRES” Education and Out-
reach program, other research, and the physical plant facilities.

Task I funding is supplemented by CIRES’ portion of the
university’s indirect cost recovery (ICR), which is distributed
annually to academic units as a proportion of indirect costs
funded through researchers’ grants and awards (bottom figure
at right).

Task I: $3,087,311
12%

Cooperative agreement expenditures by Task

|

Task IV:
$442,206
2%

Task II:
$445,832
2%
WWA:
$658,439
3%

CIRES Task 1 base fund expenditures

Facilities: 3%

Other research
support: 12%

Visiting Fellows: 29%

CIRES Task 1 base and ICR-supported expenditures

Student
support: 4%

Outreach: 5%
Visiting Fellows: 5%

Facilities: 8%

Other
research
support: 28%
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Task Ill: $20,967,038
81%

Administration: 56%

Administration: 50%
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CREATING A DYNAMICRESEARCH ENVIRONMENT

CIRES has created a number of programs and initiatives to stimulate interdisciplinary
collaborations between CIRES, NOAA, and university departments. Below, we summarize our
main programs. Detailed descriptions and specific research outcomes can be found in the

other sections of this report.

Western Water Assessment

The Western Water Assessment (WWA) is CIRES’ sig-
nature integrating activity, relying on multidisciplinary
teams of experts in climate, water, law, and economics to
work with decision makers across the Intermountain West
and produce useful information about natural climate
variability and change. In the West, many of the impacts
of climate change will be delivered through changes in the
hydrologic cycle that have affected, and will continue to
affect, water resources. WWA has focused on building re-
lationships and networks of water-resource decision mak-
ers, and has used these relationships to develop practical
research programs and useful informational products.

WWA involves researchers and staff from ESRL’s
Physical Sciences Division, CIRES” Center for Science and
Technology Policy Research and Center for Limnology,
NOAA’s National Climatic Data Center, and the Uni-
versity of Colorado at Boulder’s Natural Resources Law
Center, Institute for Behavioral Studies, and Institute of
Arctic and Alpine Research. The Assessment’s mission is
to identify and characterize regional vulnerabilities to cli-
mate variability and change, and to develop information,
products and processes to assist decision makers through-
out the Intermountain West. WWA addresses NOAA's
mission, strategic goals, and cross-cutting priorities, as
well as other congressional NOAA mandates, including
the U.S. Global Change Research Act and the U.S. Climate
Change Science Program. WWA is funded by NOAA’s
Climate Program Office.

W wwa.colorado.edu

Education and Qutreach

The research conducted at CIRES provides knowledge
that helps society to build a sustainable future. The CIRES
Education and Outreach (EO) group builds bridges
between CIRES research and educators, communicators,
students, and scientists. Our work emphasizes scientific
inquiry, links to current research, and foundational con-
cepts in geosciences education.

Programs for educators include professional develop-
ment related to cutting edge research. Programs for
students include the National Ocean Sciences Bowl, after-
school activities for students underrepresented in science,
and fellowships for graduate students who participate
in the National Science Foundation-funded K-12 project.
Programs for scientists include climate communications
workshops, support for education activities, and geosci-
ences research proposal preparation assistance.

CIRES EO workshops reached diverse audiences in FY09,
and we began to serve remote audiences through video-
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Western Water Assessment. Page 72

Innovative Research Projects. Page 79

conference and webinar technology. Research on Colorado
classroom practices around controversial topics such as
evolution and climate change was concluded. Several
new projects were initiated such as a new climate-related
workshop series for teachers, an after-school geomagne-
tism unit, and a Teacher at Sea experience documented
through the Quake Cruise blog.

M cires.colorado.edu/education/k12



Visiting Fellows Program

CIRES annually conducts a competitive Visiting Fel-
lows program that promotes collaborative research at the
forefront of scientific knowledge. One-year fellowships are
made to Ph.D. scholars and university faculty planning
sabbatical leave to continue their education in research
positions that may foster interdisciplinary training and ex-
posure to scientific assessments and policy research. Since
1967, CIRES has awarded approximately 250 Visiting and
Sabbatical Fellowships. Recipients have included previous
CIRES Director Susan Avery and current Director Konrad
Steffen. Selections are based in part on the likelihood of
stimulating academic interactions and the degree to which
both parties will benefit from the exchange of new ideas.
To further this goal, the competition is open to scientists
from all countries, and priority is given to candidates with
research experience at institutions outside the Boulder
scientific community. Fellowships are offered to scientists
with research interests in the following areas: 1) physics,
chemistry, and dynamics of the Earth system including
the atmosphere, biosphere, hydrosphere, lithosphere, and
cryosphere; 2) global and regional environmental change,
3) climate system monitoring, diagnostics, and modeling,
remote sensing, and in situ measurement techniques for
the Earth system; and 4) interdisciplinary research.

M cires.colorado.edu/collaboration/fellowships

Innovative Research Program

The purpose of the CIRES-wide competitive Innovative
Research Program is to stimulate a creative research envi-
ronment within CIRES and to encourage synergy between
disciplines and research colleagues. The program encour-
ages novel, unconventional, and/or fundamental research
that may quickly provide concept viability or rule out
further consideration. Activities
are not tightly restricted and can
range from instrument develop-
ment, lab testing, and field obser-
vations to model advancement.
Funded projects are inventive,
often opportunistic, and do not
necessarily have an immediate
practical application or guar-
antee of success. Each year, an
interdisciplinary team selects the
award recipients, and the results
of their research are presented
the following year at a poster
reception. The 10th annual Inno-
vative Research Program in 2008
funded nine projects, including
research into small-scale atmo-
spheric turbulence, development
of a new technique for measuring
channel erosion rates, and the application of Sony PlaySta-
tion technology for precipitation research. In 2009, the 11th
annual Innovative Research Program funded nine more
projects, including the effect of pine beetles on forest soil
emissions, analysis of historic and current photographs

to measure glacier loss, and use of a mini-glider to gather
elusive atmospheric data.

M cires.colorado.edu/science/pro/irp

Performance Awards at Rendezvous!

Graduate Research Fellowships

CIRES supports two prestigious student fellowship pro-
grams: the ESRL-CIRES Fellowship, begun in 2008 with
the support of NOAA'’s Earth System Research Labora-
tory, and the long-established CIRES Graduate Student
Research Fellowships, GSRFs. The ESRL-CIRES Graduate
Student Fellowship allows students to pursue a master’s
or doctoral degree in a CIRES-affiliated department or
program at CU-Boulder, while working with world-class
researchers at NOAA ESRL. In 2009-2010, the second year
of the ESRL-CIRES program, ESRL-CIRES Fellowships
were awarded to three students. CIRES GSRFs, which
support Ph.D. students advised by a CIRES Fellow, or
prospective and students likely to be advised by a Fellow,
were awarded to seven students in 2009-2010. Recipients
of the two fellowships are exploring topics ranging from
the effects of pine beetle infestation on watershed dy-
namics in Colorado, to surface-atmosphere interactions
on Mars, and a survey of the composition of airborne
microbial communities in different land-use types across
the Colorado Front Range.

M cires.colorado.edu/education/cu/gsrf
M cires.colorado.edu/education/cu/esrl

Rendezvous!

More than 300 people attended the CIRES Members’
Council’s fourth annual Rendezvous! research symposium
on 1 April 2009. This half-day, institute-wide symposium
featured 95-plus posters showcasing the depth, breadth,
and quality of the pacesetting science being conducted at
CIRES.

Director Konrad Steffen spoke about the “State of CI-
RES,” and presented 20 awards for outstanding perfor-
mance, years in service, and
other scientific achievement.

The CIRES Awards Committee,
comprised of CIRES Members’
Council representatives, annual-
ly reviews nominations and rec-
ommends awards for outstand-
ing professional achievement.
Five awards of $2,000 each were
given this year, three in the sci-
ence and engineering category,
and two in the service category.
The awards were presented to
each individual or research team
at the CIRES Members’ Coun-
cil Rendezvous symposium.
This year, CIRES recognized
John Holloway (ESRL Chemi-
cal Sciences Division), Sergey
Matrosov (ESRL Physical Sciences Division) and a team of
Sonja Wolter, Doug Guenther, and Fred Moore (all ESRL
Global Monitoring Division) for outstanding performance
in the science and engineering category. Adriana Bailey
and Molly Heller (ESRL Global Monitoring Division) were
recognized for outstanding achievements in the service
category.

M cires.colorado.edu/events/rendezvous/contacts
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DISTINGUISHED
LECTURE SERIES

CIRES promotes global perspectives by sponsor-
ing notable speakers whose work crosses disci-
plinary boundaries. The Distinguished Lecture
Series features outstanding scientists, science
policy makers, and science journalists who take
imaginative positions on environmental issues
and can establish enduring connections after
their departure.

26 SEPTEMBER 2008

Susan Solomon

Earth System Research Laboratory,
National Oceanic and Atmospheric
Administration

A world of change: Climate yesterday,
today, and tomorrow

31 OCTOBER 2008

Gerard Roe

Department of Earth and Space Sciences,
University of Washington

The shape of things to come: What are the
limits to global climate predictions?

il

30 JANUARY 2009

Alan Robock

Department of Environmental Sciences,
Rutgers University

Smoke and mirrors: Is geoengineering a
solution to global warming?

6 MARCH 2009

Greg Carmichael

Department of Chemical and Biochemical
Engineering, The University of Iowa v
What goes around comes around: s
The globalization of air pollution and the
implications for the quality of the air we breathe, the
water we drink, and the food we eat

17 APRIL 2009

Raymond Bradle

Climate System Research Center,
Department of Geosciences,
University of Massachusetts, Amherst

Recent climatic change
and deglacierization of the tropics
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SYMPOSIA/CONFERENCES
AND WORKSHOPS

H Climate debriefing with political delegates from Italy
(Francesco Rutelli and Gianni Vernetti)
Luncheon and conference (08/08)

M CIRES’ staff appreciation picnic (08/08)
B Water and science engineering workshop (08/08)
H Fred Fehsenfeld symposium and luncheon (09/08)

H Architecture and Data Committee, Group on Earth
Observations, Institute of Electrical and Electronics Engi-
neers, Inc. workshop (09/08)

B Making climate hot: Effectively communicating climate
change workshops (throughout FY09)

B CIRES Graduate Students Association kickoff and sym-
posia (09/08 and throughout FY09)

W CU-Boulder Energy and Climate Challenge Activities:

« Solar conversion workshop, in collaboration with the CU-
Boulder Energy Initiative, the U.S. Department of Energy,
the CU-Boulder Chemistry Department, and Colorado
State University (08/08)

» Have we underestimated the size of the challenge? Panel
discussion by Roger Pielke, Jr., CIRES; Tom Wigley, Na-
tional Center for Atmospheric Research; and Frank Laird,
University of Denver; with moderation by Carl Koval,
CU-Boulder Renewable and Sustainable Energy Initiative
(09/08)

« Energy Initiative Leadership Council meeting
(10/08)

» Do we need a “Manhattan/Apollo Project” to solve the
energy/climate problem? Panel discussion by Rad Byerly,
Jr., CIRES; Craig Cox, Interwest Energy Alliance; Pete
Geddes, Foundation for Research on Economics and the
Environment; Chuck Kutscher, National Renewable En-
ergy Laboratory; Gregory Nemet, University of Wisconsin;
with Moderation by Paul Komor, CU-Boulder Renewable
and Sustainable Energy Initiative (10/08)

« Energy Initiative Fall Symposium, in collaboration with the
CIRES Center for Science and Technology Policy’s Energy
Initiative (10/08)

« Policy advice for the new president, a seminar kicking off
the Fall Symposium, by Daniel Kammen, Distinguished
Professor of Energy at University of California-Berkeley
(11/08)

H Teaching climate change: Impacts in Colorado workshop
(10/08)

B CIRES Innovative Research Program reception and
poster session (11/08)

H Jose Jimenez and Margaret Tolbert award celebration.
Jose Jimenez won the Kenneth T. Whitby Award from the
American Association for Aerosol Research and Margaret
Tolbert won the American Chemical Society’s Award for
Creative Advances in Environmental Science and Technol-
ogy (11/08)

B Technical workshop on tree-ring reconstructions of
streamflow, sponsored by the Western Water Assessment
(11/08)



H Reconciling streamflow projections on the Colorado
River workshop, sponsored by the Western Water Assess-
ment (11/08)

M Evolving regional frameworks for ag-to-urban water
transfers workshop, sponsored by the Western Water As-
sessment (12/08)

M CIRES staff appreciation and holiday celebration (12/08)

H Earth Science and Observation Center open house
(01/09)

H Mountain Mariner National Ocean Sciences Bowl
(02/09)

M CIRES director’s coffee (02/09)

H Climate change modeling for Front Range water provid-
ers workshop, sponsored by the Western Water Assess-
ment (02/09)

M CIRES Members’ Council Rendezvous! science sympo-
sium (04/09)

H Reflections on the Copenhagen international scientific
congress meeting, a discussion with the Center for Science
and Technology Policy Research staff and several Copen-
hagen participants, to reflect on climate change findings
from the international scientific congress meeting (04/09)

H Centers for Ocean Sciences Education Excellence West
Colorado collaborative lecture series and workshops
(4/09-6/09)

H Civilian applications for unmanned aircraft systems,
2009 steering committee planning (05/09)

Presentations by Other Guest Speakers

W Mary Tyszkiewicz: Venture capital concept analysis
(08/08)

B Frank Laird: Changing technological systems: Compre-
hensive policy for renewable energy (10/08)

M David Cherney : Non-governmental organizations in en-
vironmental policy: An overview of Yellowstone (10/08)

M Barbara Farhar: On the path to zero carbon homes: The
comparative San Diego case study (10/08)

B Marilyn Averill: Climate litigation: The role of the judi-
ciary in U.S. climate policy (10/08)

Mountain Mariner Challenge

National Ocean Sciences Bowl

M Jerry Peterson: A nuclear physicist in the Department of
State (11/08)

M Deane Little: Profitable air capture of CO, (01/09)

B Matthew Newman: How important is air-sea coupling in
ENSO and MJO evolution? (02/09)

M William Lewis, Jr.: Dam removal: Advocacy, resistance,
and feasibility (02/09)

M Ila Cote: Risk assessment at the Environmental Protec-
tion Agency: Science, policy and politics (02/09)

M Nicole Peterson: Decisions, opportunities, and obstacles
in organizational decision-making (02/09)

B Melissa Kenney: Coupling scientific predictions with
decision analysis (02/09)

M Lisa Dilling: Governing the carbon balance: Land-use,
decision-making, and opportunities for usable science
(02/09)

M Konrad Steffen: Changes in the Arctic ice cover (02/09)

B Maxwell Boykoff: Transformations of carbon-based
economies and societies (02/09)

M Jason Delborne: The practice of scientific dissent in agri-
cultural biotechnology (03/09)

M Elizabeth Albright: Local-level response to extreme
flood events in the Central Danube River Basin (03/09)

M Steve Vanderheiden: Food politics: Cultivation or con-
servation? Competing imperatives for land use (04/09)

Bl Melanie Roberts: Grant writing 101: Tips for success
(04/09)

B Eugene Turner: The aftermath of Hurricanes Katrina
and Rita—doubt and restoration: Coastal Louisiana
(04/09)

M Erik Fisher: The ‘Two Cultures’ in science policy today
(06/09)

B David Hofmann: Increase in background stratospheric
aerosol since 2000: Is it related to increased coal burning in
China? (06/09)
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PeopledProjects

NOAA Scientists

Randall Dole Fred Fehsenfeld Michael Hardesty
David Fahey Graham Feingold William Neff
Chris Fairall Timothy Fuller-Rowell ~ Susan Solomon

CU-Boulder Teaching Faculty

Waleed Abdalati Baylor Fox-Kemper Anne Sheehan
Ben Balsley Vijay Gupta Robert Sievers
Roger Barry Jose Jimenez Konrad Steffen
Roger Bilham (raig Jones Margaret Tolbert
John (assano William Lewis Jr. Greg Tucker

Tom Chase Peter Molnar William Travis
Xinzhao Chu Russell Monson Veronica Vaida
Shelley Copley NETIEEN Ranier Volkamer
Lisa Dilling David Noone John Wahr

Lang Farmer Roger Pielke Jr. Carol Wessman
Noah Fierer Balaji Ragagopalan

CIRES Scientists

Richard Armstrong Prashant Sardeshmukh  Tingjun Zhang
Joost de Gouw Mark Serreze

CIRES starts with people. Researchers here all seek to better understand the plan-
et, and they do so from different perspectives that reflect diverse areas of expertise.
Fellows, CIRES scientists, students, and outreach professionals work together, form-
ing a network that stretches from the Institute across the globe.

The following pages highlight the diversity of research conducted at CIRES, begin-
ning with those CIRES Fellows who are University of Colorado at Boulder faculty or
CIRES senior scientists. Following are brief descriptions of CIRES' five centers, CIRES'
signature integrating activity—the Western Water Assessment—and the Institute’s
Education and Outreach program. We also describe our prestigious visiting fellow-
ships, pioneering research funded by CIRES' Innovative Research Program, and grad-
uate and undergraduate research and fellowships. A more exhaustive description of
CIRES projects, involving CIRES Fellows at NOAA and hundreds of other scientists and
staff, can be found in the Themes Reports (page 102).
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Waleed Abdalati

Studying Ice from Space
FUNDING: NASA

NASA’s planned Ice
Cloud and land Elevation
Satellite-2 (ICESat-2) mis-
sion is designed to sig-
nificantly improve upon
measurements begun by
its predecessor, ICESat, to
map changes in ice sheet
elevation using space-
based laser altimetry.
Abdalati is lead of the
ICESat-2 Science Defi-
nition Team, which is
carrying out extensive
analyses in support of the
mission.

'I The objectives of

ICESat-2 are to a) quan-
' tify the contributions of

the Greenland and Ant-
arctic ice sheets to sea-level rise, and provide key insights
into the underlying mechanisms; b) assess the thickness of
the Earth'’s sea ice cover to improve our understanding of
the exchanges of moisture and energy among the oceans,
ice, and atmosphere; and ¢) map global land biomass to
quantify its carbon storage.

Satellite observations of recent dramatic changes in the
Earth’s polar ice cover have transformed our thinking
about polar ice since the original ICESat mission was
developed. As a result, the ICESat-2 mission must be de-
signed to capture the very rapid changes of outlet glaciers,
observe the impacts of summer speedup of ice flow due
to the penetration of surface melt water to the ice sheet
bottom, and examine the detailed character of the rapidly
thinning Arctic sea ice cover. All of these require new
observations and rigorous analyses of various observation
strategies. Maximizing the capabilities of the mission to
achieve these multiple objectives poses significant chal-
lenges to optimal design.

Among the parameters under study are: mission dura-
tion, laser pulse-repetition frequency (PRF, or along-track
sampling rate), spatial density of sampling in the cross-
track direction, required laser energy for cloud penetra-
tion, footprint size, etc. The optimal values for each of

COURTESY OF WALEED ABDALATI USING NASA IMAGES

these variables is determined by the geometric structure of
the ice and vegetation surfaces observed, and the nature
of the interaction of the laser’s photons with that surface.
The primary tradeoffs are between observing strategies
that maximize sampling (high PRF with small footprints,
multiple beams in the cross-track direction, and high

laser energy levels) and those that maximize laser life to
enable meaningful change detection (low PRF with larger
footprints, minimal use of multiple lasers, and low energy
levels).

The work of the ICESat-2 Science Definition Team has al-
ready led to a well-defined set of mission parameters that
are guiding NASA’s development of ICESat-2, so that the
mission can provide key information for understanding
how and why the Earth’s polar ice cover is changing, and
what the implications are for global sea-level rise.
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Richard Armstrong

The GLIMS Glacier Project:
An Example for Nepal

FUNDING: NASA EARTH SCIENCE

The Global Land Ice
Measurements from
Space (GLIMS) project is
a baseline study that sys-
tematically quantifies the
areal extent of past and
present glaciers to allow
accurate assessment of
the rate and magnitude
of glacier changes oc-
curring worldwide. The
GLIMS project is creat-
ing an inventory of the
majority of the world’s
estimated 160,000 gla-
ciers, and mapping their
extent and rate of change.
GLIMS is an international
project, coordinated by
CIRES’ National Snow
and Ice Data Center (NSIDC) and the University of Ari-
zona, with participation from more than 60 institutions in
28 countries worldwide. Data are submitted to the GLIMS
database at NSIDC, accessible at http:/ /nsidc.org/glims.
The NSIDC GLIMS project has created a geospatial and
temporal database of glacier outlines and various scalar
attributes. These data are derived from high-resolution
optical satellite imagery, primarily the Advanced Space-
borne Thermal Emission and Reflection Radiometer
instrument aboard the NASA EOS Terra satellite, as well
as Landsat and the Satellite Pour I’Observation de la Terre,
operated by the French Space Agency. Historic data (maps
and photographs) are also used to document changes
from earlier periods. The database currently contains
outlines for more than 83,000 glaciers. This work is being
undertaken in direct collaboration with the World Glacier
Monitoring Service (WGMS), Zurich, Switzerland, and is a
logical extension of the WGMS World Glacier Inventory.

The Armstrong research group is using GLIMS data
to assess the role of glaciers in the hydrologic regime of
Nepal. The methodology developed for this new study
involves establishing a relationship between the area-
altitude distributions of catchment basins and glaciers,
and associated water and energy exchange gradients. A
glacier melt model is based on melt from 100 meter area-
altitude belts for the glacierized portion of each catch-
ment. We define a “vertical mass balance gradient” (the
rate of increasing specific ice melt with decreasing altitude
in the ablation zone, 0.7 to 1.4 m/100 m for this region);
define the mean maximum altitude of the 0°C isotherm
during the ablation period (about 5,400 m); and determine
the volume of ablation as the product of specific ice melt
values taken from the balance gradient and the area-alti-
tude values of corresponding belts in the glacier ablation
zone. Topography is defined by digital elevation datasets
acquired from the NASA Shuttle Radar Topography Mis-
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sion for both models, glacier outlines were provided by
the International Center for Integrated Mountain Develop-
ment, Kathmandu, Nepal and streamflow data are from
the Department of Hydrology and Meteorology, Nepal.

Preliminary results indicate that the annual contribu-
tion of glacier melt water to streamflow in the Nepal Hi-
malayas varies among catchment basins, but is not likely
to exceed 2-13 percent of the total annual flow volume
measured at lower altitude hydrometric stations. This
represents approximately three percent of the total annual
streamflow volume of the rivers of Nepal. Preliminary
results also suggest that neither the timing nor the volume
of the streamflow of rivers of Nepal will be significantly
affected in the near future (next several decades) by a
continued retreat of the glaciers.



Ben Balsley

Fine-Scale Atmospheric Dynamics
and Overturnings Using High-Resolution
In Situ Measurements

We are beginning
to examine fine-scale
atmospheric dynamic
processes using in-
house-developed in situ
measurement techniques.
Specific dynamic proper-
ties include non-linear
processes associated
with atmospheric gravity
waves, Kelvin-Helmholtz
instabilities, and ‘over-
turnings’ in the potential
temperature profile in
the first 10-20 km of the
atmosphere. These new
techniques evolved from
earlier studies of the
lower atmosphere using
tethered lifting system
measurements that were also developed in-house. We are
currently developing a slow-rise-rate radiosonde tech-
nique that will enable 1-meter vertical resolution measure-
ments from 0-20 km altitude by reducing conventional
balloon inflation procedures. Figure 1 shows balloon rise
rate as a function of lift, and indicates that radiosonde rise
rates of about 1 m/s can be achieved with a nominal lift
(balloon plus sensor) of about 50 grams.

Our second develop-
ment involves the use
of balloon-launched,
unmanned, autonomous,
GPS-controlled, mini-
gliders that can carry a
conventional radiosonde.
The mini-glider was de-
veloped in New Zealand
and is being modified

Figure 2: The mini-glider was
developed in New Zealand and
is being modified at CIRES to
provide onboard archiving of
temperature, humidity, pressure,
wind speed and direction, and
GPS flight coordinates.
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Figure 1: Balloon rise rate as a function of lift.

at CIRES to provide onboard archiving of temperature,
humidity, pressure, wind speed and direction, and GPS
flight coordinates (Figure 2). Pertinent characteristics
include a wingspan and length of 60 cm, a forward speed
of about 14 m/s, and a descent rate of 2-3 m/s. One of the
first measurements will be made around a high-resolution
radar beam in Peru to examine fine-scale temperature
profiles in conjunction with the radar measurements of
small-scale turbulence structure.

One of the surprising early results of these studies is
the occurrence of myriad ‘overturnings’ in the potential
temperature profiles provided by the slow-rise-rate radio-
sonde data. Basically, in the absence of external forcing,
potential temperature profiles should increase steadily
with height. In practice, however, the high-resolution data
exhibit narrow regions where the temperature decreases
with height, indicating the presence of external forcing.
Preliminary analysis of these regions suggests that they
may be associated with gravity-wave activity, and the
breakdown of the waves into fine-scale turbulence.
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Roger Barry

Mountain Meteorology and Climate

Barry completed and
published the third edi-
tion of Mountain Weather
and Climate (Cambridge
University Press, Cam-
bridge, 506 pp.). First
published in 1981 and
updated in 1992, the
work is an advanced text.
It is the only compre-
hensive book describing
and explaining mountain
weather and climate
processes. It presents the
results of a broad range
of studies drawn from
across the world.

Following an intro-
ductory survey of
the historical aspects of mountain meteorology, three
chapters deal with the latitudinal, altitudinal, and topo-
graphic controls of meteorological elements in moun-
tains; circulation systems related to orography; and the
climatic characteristics of mountains. The author supplies
regional case studies of selected
mountain and high plateau
climates from New Guinea to
the Yukon, including the ice
plateaus of Greenland and
Antarctica. The next chapter
on bioclimatology, weather
hazards, and air pollution in
mountains is followed by the
concluding chapter on the

LY T

MﬂUﬂ.t in
evidence for and the signifi- and c"mat‘:ﬁither

cance of changes in moun-
tain climates.

Since the first edition of
this book appeared more than two
decades ago, several important field programs have
been conducted in mountain areas. Notable among these
have been the European Alpine Experiment and related
investigations of local winds, studies of air drainage in
complex terrain in the western United States, and field
and laboratory experiments on air flow over low hills.
Results from these investigations and other research are
incorporated in this new edition and all relevant new
literature is referenced.
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Figures excerpted from
Mountain Weather and Climate



Roger Bilham

Shaky History

In 2008, my students
and I worked on a data-
base of more than 8,000
earthquake intensity
observations of histori-
cal earthquakes in India;
evaluated the tsunami
hazard in the Mediterra-
nean; installed a tiltmeter
array in the Pozzuoli
region of Italy; analyzed
incoming tilt and creep
data from California and
GPS data from 88 points
in Indian and Pakistan
Kashmir, Sindh, NW
Frontier Province and
Baluchistan; and worked
on archaeological aspects
of historical seismicity in
the Sindh and Kashmir provinces of Pakistan and India.

Our macroseismic earthquake work has produced new
findings for the rate of attenuation of shaking intensity
with distance in ancient cratons (central India, North
America, and Australia) and in deformed sediments such
as the Himalaya. Our tiltmeters in Oregon, Mammoth
Lakes, and Pozzuoli consist of horizontal water pipes up
to 500 m long, installed in shallow trenches or in tunnels.
They are sensitive to sub-micron vertical displacements of
the subsurface related to the inflation of magma chambers
and the slip of the plate interface in slow earthquakes.
The GPS data captured the October 2008 Pishin/Mach
earthquake sequence and its afterslip, and provide new
constraints on the deformation of the India/ Asia collision
zone along the western edge of the Indian plate in Baluch-
istan and Afghanistan.

We have determined that the ancient Arabic capital of
Sindh (Mansurah c. 725-1000 AD) was destroyed by an
earthquake c. 980 AD. We further report that we have

robably found the lost Mughal town of Samawani, in
which 30,000 houses were reported to have subsided in
1668, presumably as a result of sediment liquefaction
during a severe earthquake. Mughal accounts rank it the
third largest city in Nassirpur province, which narrowed
the search to a region near a town of that name. A village-
by-village search led to the discovery of ruins, which oral
tradition held were those of a town called Samawani, not
mentioned on maps. We hypothesize that relatively mod-
est earthquakes can cause the abandonment of cities in the
Indus valley—a result of changes in the course of river, in
turn caused by the breach of their natural levées. A study
of the 1897 Assam earthquake reveals that levée collapse
can accompany Mercalli Intensity VII shaking.

The “Thul” at Mansurah in 2008. This masonry tower is all that remains

of fortified town of Mansurah, the ancient capital of Sindh province that
was destroyed by an earthquake c. 980 AD. In 19th century archaeological
excavations, skeletons were found crushed by bricks. Recent excavations
revealed four massive bronze door knockers buried deep beneath the ruins
of the largest building, objects that had escaped looting in the past mil-
lennium, which would surely have been removed if the city had, instead of
being shaken by an earthquake, been sacked by an invading army.

These 50-kg bronze door knockers were once attached to mas-
sive doors on one of the largest civic structures in Mansurah,
the ancient Arabic capital of Sindh (7th to 10th century). They
are thought to have been buried by an earthquake c. 980 AD.
Kufic inscriptions surround the raised-relief heads of a pattern
copied from traditional Roman designs.

CIRES Annual Report 2009 29



John Cassano

Polar Climate and Meteorology

FUNDING: NSF,
DEPARTMENT OF ENERGY

The Cassano Polar
Climate and Meteorol-
ogy research group is
involved in numerical
modeling of polar climate
and observational studies
in polar regions. Two
ongoing projects in the
Cassano research group
are the development of
a high-resolution Arctic
climate system model
and the use of unmanned
aircraft systems (UAS) to
study atmospheric pro-
cesses in the Antarctic.

Our motivation to
develop a high-resolution
Arctic climate system
model comes from the
limitation of current generation global climate system
models lacking the horizontal and vertical resolution to
adequately resolve key processes in the Arctic climate
system. In addition to the improved resolution possible
in a regional model, we use model physics tailored to the
unique aspects of the polar climate system, ensuring that
all key processes in the climate system are sufficiently
represented in the model. We use a pan-Arctic model
domain, which includes all of the sea-ice-covered regions
of the Northern Hemisphere and all terrestrial watersheds
that drain to the Arctic Ocean (top right). One question
we plan to address with our Arctic climate system model
is why global climate models have failed to simulate the
recently observed rapid decline in Arctic sea ice cover.
We hypothesize that processes acting at scales below the
resolution of global models are, in part, responsible for
this failure.

Our observational work in the polar regions is motivated
by our need for observational data to evaluate model
simulations and to allow for continued model improve-
ment. A recently funded project will use an Aerosonde
UAS to make detailed observations of air-sea interactions
in the Terra Nova Bay polynya (middle right). Formation
and maintenance of this polynya is linked to strong kata-
batic winds that drain from the East Antarctic plateau into
Terra Nova Bay. These strong winds promote strong heat
and moisture fluxes over the open water of the polynya,
leading to pronounced modification of both the ocean and
atmosphere. Our UAS measurements will be the first
in situ observations of the air-sea interaction over this
polynya during the late winter/early spring time period.
Data from this field campaign will provide insight into
the formation of Antarctic bottom water, details of the
atmospheric forcing for this polynya, and data for high-
resolution numerical simulations.
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Simulation domain for the Arctic climate system model under develop-
ment in the Cassano lab.
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Visible satellite image of Terra Nova Bay polynya, October 2007.

Cassano in Antarctica.



Tom Chase

Modeling Climate Better

Our work in the past
year involved climate
modeling simulations
and observational work
related to the effects of the
land surface on climate
and climate change. We
showed that East Asian
monsoon precipitation
prediction can be vastly
improved by including
antecedent vegetation
characteristics in the fore-
casting algorithm. Most
monsoon prediction in the
past has used ocean char-
acteristics, particularly
sea-surface temperatures,
as the main indication
of future precipitation.
By including the land surface, we effectively doubled the
predictive power of our forecast models, demonstrating
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the important role the land surface and changes in the land
surface have on climate. This work received a “Research
Highlight” discussion in Nature.

We also published a modeling study in which we im-
proved the land surface hydrology in the NCAR Com-
munity Climate System Model (CCSM). CCSM had large
errors in globally-averaged transpiration, and we used a
combination of theoretical results, empirical analysis, and
guidance from other models to greatly reduce the overall
errors in the model. Beyond getting more realistic values
out of the land surface parameterization, this work also
highlighted the role of the land surface on the climate sys-
tem. The figure below shows the changes in near-surface
air temperature in winter