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Letter from the Director

Directorodds Wel come

We had another exiting year with numerous accomplishments, awag'n
recognitions of our faculty, researchers, and staffo numerous to mention ir
detail here. Congratulations to all of CIRES. Research highlightsnantioned
in detail in the Executive Summary of this report, and again, they were
numerous that it was hard to choose which to feature in the Summary.

We completed our University Progn Review, arecurring event every seven
years. | am proud to anance that we received high grades in the review proc
and CIRES was regnized as an important asset for the University of Colore
at Boulder (University). CIRES is a large and complex organization, whi
interacts in a variety of ways with academigadments and institutes at th

in the David Skaggs Research Center in Boulder. Despite this complexity, C
is working well and we are succeeding in meeting our missiongaals.

The Membersodé Council or gnadreizzveodu st hSey m eo GlusnhighlyGlicEeEstHsl pff Ren g .
endeavor was devoted to a full day of science presentations and discussions across all disciplines, engaging over 300
scientists, students,dn st af f. We have i nstirpuotsiiounmadl iazse da nt haen nfiuRael n deev:

CIRES continues to be the world leader in environmental sciences, as we are committedfymglant pursuing
innovative research in earth system science, and to ifagfublic awaeness of this research. Our research budget
continues to grow and has reached over $47 M, dimduthe faculty support from the University for our CIRES
faculty lines, supporting a total of 58@nployees, gradua and undergraduate student$e have published over

880 papers in peereviewed science journals, participated in a number of news conferences, U.S. Congressional
briefings, and outreach activities. The outcome and findings of our research is important in forming policies that are
crucial for future geerations.

We welcome one new CIRES tendrack faculty researchebr. Baylor FoxKemper,assistant professor in the
Department of Atmospheric and Oceanic Sciences with expertesepinimental ocean modelingn addition,the
University authorized CIRES to search for a new director for ountéZefor the Study of Earth fronspace,
following the retiremenof Professor Alex Goetz, arfdr a new director foour Center for Science and Technology
Policy Research. With these new Gragu&chool faculty lines, CIRES wilin¢rease itsfaculty to a total of
nineteen.

We also welcome our new Assistant Director for Science, Dr. Suzanne van Drunick who comes to us from the
National Research Council in Washington, DC, where she was a Semgrafr Officer for studies on
environmental science and toxicology. Suzanne is @yresgaged in a number of actiess, including this new
CIRES annual report.

The annual report is a collaborative effort of a number of people in CIRESearchers as Weas admiistrative
staff i and they all deserve credit for what you will find on théofeing pages. In particular, | would like to

acknowledge the effort of Assistant Director Dr. Suzanne van Drunick who was instrumental in coordinating this
effort. Erjoy your realing!

Moo St
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Executive Summary and Research Highlights

Since 1967, the Cooperative Institute for Research in Environmental Sciences (CIRES) has provided a dynamic
setting forteaching anatollaborative interdisciplinaryresearchn environmental sciences. CIRES is an organized

research institute of the University of Colorado at Boulder (University), and is basedooperativeagreement
(Agreement)oetween the University and the National Oceanic and Atmospheric Administration (NGZARESO
collaborativeresearci s or gani zed and aligned with shdénfifikddisther esear c
Agreement. These themes include advancedbdeling and observing systems, climate system variability,
geodynamicsplanetary metadlism, regional processe and integrating activitieSelect research highlights from

each of the scientific themes are presented below.

From July 30, 2006 to July 2007 (FYQ7) CIRES supported 182 Research Scientists, 208 Associate Scientists, 18
Visiting Sdentists, 14 postdoctoral researchers, 32 administrative staff, 80 graduate students, and 44 undergraduate
students In total, CIRES supportedapproximately580 scientists administrativestaff, and studentwith an overall
extramural research budget of4§400,000, an increase afmost 3.5% compared to FYOBcluding University

faculty support, thetotal budgetis almost $47,60000, of whichNOAA funds accounted for approximately
$23,500,00049%).

CIRES received approval fanenew faculty line andwo reappointmergtfor positiors vacated bya retirementand

departure of £LIRESfaculty member A new tenuretrack faculty researcher, Dr. Baylor F&emper, was hired as

an asistantprofessorin the Department of Atmospheric and Oceanic ScienceskKFexnp er 6 s ar ea of ex
experimental modeling of oceanic eddies and ocean heat trarspoulty searches are underway foreav drector

for the Center for Science and Technology PoResearctand anew drector for the Center for the Study of ita

from Space.CIRESalsohired a new Assistant Director for ScienceDlacember 20064 parttime science news

writer position was created to help convey R BEe&séarch findings to the news media and pulllammunication

of CIRES mi s s i o0 neswan flirther erthaneed byithe creation and broad disseminationef €IRES

brochure.

In July 2006, the CIREBIOAA FY 2007 and FY 2008 Scientific Workplan (Workplan) was completed and
implemented. The Workplan describes collaborative research thgtates scientific projects conducted by CIRES
under each of the six scientific themes. The Workplan accounts for Task Ill research of the Agreement, however, it
integrates several scidfit objectives of earth systescience. These objectives are thevers of the Workplan,

which identifies goals and approaches for each objecive incorporates milestones and impacts for each project.
The new Workplan closely resembles the previous version, which NOAA and the Department of Commerce
approvedas a sentific roadmap with increased clarity and accountability.

The Universityoéds @PRR geleasais fRa wepod for ORES i IFebruary 2007. The final

report was based on a review of three separate reports. Those wbeQRBES 2If-Study, which was prepared

by a temamember team comprised of the CIRES Associate Director, CIRES Fellows, Research Associates, graduate
students, and administrative staff; (Bg report by the Internal Review Committee, which was comprised of non
CIRESfaculty and graduate students; and & report by the External Review Committee, which was comprised

of two distinguished academics not affiliated with the University. The findings of the PRP final report included

praise for the very high quality ofie faculty engaged in CIRES, high degree of productivity among the Fellows,

and effectiveness of administrative staff | R Eléadership was concluded to be very strong. The connsction

bet ween CIRES and NOAA&s Eart h Sythdr eesarchRoeganizationséwe Labor a:
creditedwith enhancing and strengtheni@yRESresearch.

CIl RES6 Education and Outreach (E/ O) program continued
related to science, technology, and math for the merpd increasing public understanding of issues related to earth
system science. To celebrate the launch of the International Polar Year, E/O organized a cewidrieignt|ce

Fest which included a wide variety of activities focused on the cryosppetar researctand climate studies.

In addition, another exciting CIRES FYO07 highligivas the announcement of mew CIRESNOAA Exchange
Fellowship Program. Guidelines are being developed to efdBIESand ESRL researchersdachange laboratory
andfield researcholes.
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Research Highlights and Accomplishments from CIRES-NOAA Partnership by Scientific Theme

Advanced Modeling and Observing Systems

This theme includes the optimization of modeling and observing systems for disciplines such as atmospher
chemistry, physical atmospheric and oceanic processes, cryospheric processes, space welitiear, symtems
applications, data centers, and data management. Research ranges from local to regional and global scales.

e Quantitative characterization tife response of the cavity ritipwn singleparticle aerosol instrument was
performed. The completed instrument, containing improvements over the 2005 prototype, was successfully
deployed aboard NOAA R/\Ronald H. Brownfor the TexAQS 2006/GoMACCS fieldampaign from
August to midSeptember in the western Gulf of Mexico/Houston Ship Channel region; aerosol samples
were collected.

e Two lidars were deployed during the 2006 Texas Air Quality Study to measure ozone and aerosol profiles.
The TOPAZ airborne lidaraboard a NOAA Twin Otter airplane, flew 22 missions during which it mapped
out the threedlimensional distribution of ozone and aerosols over eastern Texas and the Gulf of Mexico.
The OPAL shipbased lidar, aboard the NOAA R/Nonald H. Brownmeasured mfiles of ozone and
aerosol backscatter. Recent improvements to-lshged and aircrafiased lidar systems include more
accurate photodetectors, a simpler optical receiver, and new aerosol data processing methods.

e A shipbased remote sensing lidar to ma@aswind and turbulence profiles was developed by making
i mprovements to NOAAO®Gs High Resolution Doppler Lida

e A new ozone sensor for shifased measurements of ozone flux was developed. The sensor system was
deployed on the R/NRonald H. Browrin the TeXAQS field program in later summer 2006.

e During the Texas Air Quality Study, the TOPAZ airborne ozone lidar, and thebakegd ozone and
Doppler lidars, collected data for comparison with model computations of ozone formation, transport, and
mixing proceses, to investigate the ability of models to represent important boundary layer parameters.

o Diurnal sampling and intesatellite bias corrdions were applied to the Higlesolution Radiation Sounder
satellite radiances.

e Enhancements to the Gridpoint $&atal Interpolation (GSI) code were incorporated to improve use of
surface weather observations (METARS), and Gfebelogd procedures were introducédo GSI to
incorporate threglimensional, higHfrequency National Weather Service WBBD radar datani the
initialization of cloud and precipitation hydrometeors.

e The RealTime Verification System was +#esigned by enhancing the functionality of the database, web
interface, and reglme processing modules of the system to support verification of avipicameters,
such as icing, turbulence, and convective weather.

e New verification techniques were developed for evaluating the accuracy of convective echo tops, high
resolution automated convective probabilistic forecasts, and ceiling and visibility dbrieea times.
Results from statistical evaluations of turbulence and convective weather forecasts were summarized in
written reports.

e The GOES Xray instrument was calibrated with selected solar observations and 2005 rocket underflight
data.

o A fully operational version of the Coronal Mass Ejection (CME) Locator was developed based on white
light corona observations from the NASA STEREO mission. EUV dimming properties (intensity, solar
location, and mass) were compared with associated CME propertieseagedbsy the Extrem@ltraviolet
Imaging Telescope

e Atenyear study of the stability of the CUCFés refer
UVB radiometers was published.

Climate System Variability
Climate variability affects all natural fgsns and human activities. Climate directly influences agriculture, water
quality, and human health. Understanding and potentially predicting climate change is critical to the public interest,
as well as to a broad array of decision makers within fedektate government, industry, resources management,
and hazard mitigation.
e A newly updated ozonprofile database was assessed for trends and changes in trends, and validated
against ozone products derived from remote ianditu measuring systems du@s satellites and ozone
sounding.
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The global impacts of the ENSf@lated and ENS@nrelated tropicatea surface temperaty(®ST) trends

over the last 50 years were assessed using the NCAR/CAM3 and the NCEP/GFS atmospheric general
circulation models(GCM), with particular emphasis on the impacts on precipitation trends over the
Americas, western Africa, and Europ&oth GCMs indicate substantial precipitation trend responses in
these regions to the tropical SST trenakich are generally in excellemhutual agreemenand with the
observed precipitation trends. Both the ENRited and the ENSOnrelated portions of the tropical SST
trends are found to be important in this regard

The possibility of abrupt climate change over North America in the seweral decades triggered by
continued warming of the Indian Ocean was asses$hdse runs suggest that the continued tropical ocean
warming will gradually modify the atmospheric jet streams to the point where the ability of the jet streams
to channelatmospheric disturbances along the upper tropospheric waveguide will undergo a relatively
sudden shift sometime in the next century. This will cause relatively rapid shifts in the climates of North
America and Europe.

The impacts of coupled agea interations, decadal ocean dynamics, lendface feedbacks, and lande
changes on decadal atmospheric variability were assedssds concluded that the North Atlantic and
European climate response to Indian Ocean warming might be considerably greatdthivam judged

from analyses of atmospheric model experiments alone.

The Gulf of Mexico Atmospheric Composition and Climate Study was planned, and executed between July
1 and October 15, 2006, throughout Texas and the northwestern Gulf of Mexico. Thid¢BSRL and

C| R Bitorms were deployed: a NOAA Waircraft, a NOAA Twin Otter, and ti¢OAA/ESRL R/V

Ronald H. Brown. This intensive field study provided significant new information that is required to afford
a better understanding of the sourcesg atmospheric processes responsible for the formation and
distribution, of ozone and aerosols in the atmosphere and the influence that these species have on the
radiative forcing of climate regionally and globally, as well as their impact on human hedltegional

haze.

Fire, fossil fue]l and ocean carbon modules were implemented with the ensemble Kalman filter system,
commonly referred to as CarbonTracKettp:/Mww.esrl.noaa.gov/gmd/ccgg/carbontracker

Two new talltower sites were established astpzfrthe NOAA/GMD North America Carbon Observing
System (Carbon America) during FYO7: One near Boulder, CO, and the other near West Bxanch
Continuousin-situ CO,/CO mixing ratios and regular air samplase being used as part of the Carbon
Tracker syeem mentioned above.

A temperature/humidity/GPS system to augment current -tfaseverticaprofile measurements was
developed and fieltested, allowing for automated measurements of the ambient temperature and
humidity, and the position and altitudeadch sample, in a vertical profil€he system was installed at five
sites in the NOAA/GMD Carbon America aircraft network.

A new index for assessing changes in the atmospheric burden ofdepleding gases was made available
from the NOAA website. Th®zone Depleting Gas Index provides a summary of progress being made in
the global effort to reduce the atmospheric burden of cdepéeting gases.

The representation of physical processes and the Matdiem Oscillation in the NCEP Global
Forecasting Sstem was investigated and improved by studying fourteen coupled general circulation
models CGCMs) used in the Intergovernmental Panel on Climate Change Fourth Assessment Report
(IPCC AR4). The results show that all current stafehe-art CGCMs have sigificant problems in
simulating tropical intreseasonal variability.

A study examining the doubldCZ problem inCGCMs patrticipating in thd PCC AR4 was completed.

The results show that most of these CGCMs have a ddUGIE problem.

Images of 401 glaer photographs were posted online.

A major paper was published dournal of Geophysical Researslinthesizing a variety of atmospheric

and oceanic data to examine the lasgale energy budget of the Arctic. The seasonal cycles of vertically
integrated tmospheric energy storage and the convergence of energy transport frofOER#\ evaluated

for the polar capcompare well with realizations from the NCEP/NCAR reanalysis over the period 1979
2001.

Development of seasonal forecast guidance tools fotBe based on the predictability of tropical SSTs
several seasons in advanead training these tools on the atmospheric responses to different types of
anomalous tropical SSTs in large new sets of seasonal integrations made with the NCAR, GFDL, and
NCEP GCMs, continued. Results indicate that, compared to the forecast tool currently being used in real
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time experimental seasonal forecasts, the new forecast tool has the ptienastkimproved forecasts of
U.S. seasonal precipitation and surface tentpera

Geodynamics
The goal of geodynamics is to characterize the internal processes of the planet, including the properties of the core
mantl e boundary, convection within the Earthdéds mantl e,

e A global sphericaharmont degreer 20 mo d e | ®drustdl magnetidfiald wabk éreated from a
joint inversion of all available marine magnetic, aeromagnetic, and CHAMP satellite magnetic
measurements. This model is the first step in the developmant Bhhanced Magnetic Model needed for
improved navigation by ships, aircraft, and rEarth orbiting spacecraft.

e Bathymetrietopographic digital elevation models sufficient for tsunami propagation, run up and inundation
prediction for 19 priority regiongefined by the U.S. tsunami community, were produced. This project is a
priority for NOAA, has been presented to Congressional staffers, and featured on thevi¢Dsite

e Public access to the tsunami i nundat i omundattbMs has
Gri ddi ng webgite (htp:gwwid.ngdc.noaa.gov/mgg/inundatipn/On this site, visitors may
download completed DEMSs, with corresponding metadata and documentation.

Planetary Metabolism

Planetary metabolism is the complex web of biochelhaca ecological processes and their interaction with the
lithosphere, atmosphere and hydrosphere. Both natural and anthropogenic disturbances drive the structure and
dynamics of natural systems, and a thorough understanding of these complex processestia to protect the
biosphere from adverse effects due to pollution, destruction of natural landscapes, and inadvertent alteration of
climate.

e Annual estimates of national and global gas flaring for the years 1995 through 2006 usiighiow
imaging data acquired by the Defense Meteorological Satellite Program (DMSP) spatesmfbeen
developedIn 2006, the gas flaring estimate of 168 billion cubic meters represented 27% of the natural gas
consumption by the United States, with a potential mavkate of $69 billion. Global gas flaring adds
more than 84 million metric tons of carbon to the atmosphere each year.

e A global poverty map with 3@rc second resolution, using a derived poverty index calculated by dividing
population count by the brighess of satellitobserved nighttime lighting for the DMSP spacecraft, has
been developed. The total estimate of the numbers of individuals living in poverty is 2.3 billion, slightly
under the Wérld Developmentn d i ¢ astimatesoH2.6 billion. This sigiicant work demonstrates a new
technique for determining global poverty rates.

Regional Processes

Many of the research endeavors within CIRES and NOAA have a regional focus because they address a particular
confluence of geography, demographics, or weraimd climatic regimes. The effect of climate variability is often
regionally focused, thus influencing very specific populations, econgystemsand ecosystems.

e A twelve-year (19932004) global oceanic data set of nearface humidity has been déwged using
SSM/I and SHI/T-2 satellite sensors, and a seyear (19992005) data set of both nesurface humidity
and temperature has been developed combining AMSldd SSM/I satellite sensors.

e Daily ozone profile measurements at Trinidad Head, CA Badlder, CO were performed during the
intensive Measurements of Ozone over North America study in August 2006. The purpose was to
determine the role of various sources to the tropospheric ozone budget over North America. A key finding
of this intensive capaign was the important contribution to the upper troposphericl (Bm) ozone
budget from lightningproduced nitrogen oxides.

e Research conducted by CIRES staff on data sets collected onboard the NOARoRA H. Brown
during the 2004 New England Air Qitg Study hagesuted in several successful research publications in
peerreviewed journals.

e Measurements obtained from the NOAA3Paircraft in the summer of 2004 during the International
Consortium for Atmospheric Research on Transport and Transformsttidy have been used to examine
the transport of pollutants from the United States over the Atlantic Ocean.

e The relativehumidity dependence of aerosol light extinction for surrogate atmospheric aerosol using cavity
ring-down aerosol extinction spectomgpy was studied. Findings suggest that neglecting the water uptake
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by the organic fraction of atmospheric particles could lead to significant underestimation of the cooling at
the Earthdéds surface due to |ight scattering by aero

Integrating Activities

CIRES engages in a wide range of integrating activities in research, education, and outreach that encompass each of
theihstitutebds research themes and c oUnivarsitypandN®AAt dhet he ove
primary focus is on fig overlapping categories that includg K-16 Interdisciplinary Education and Outrea¢)

Graduate and PoeS&raduate Educatiorf3) Scientific Assessment§}) Interdisciplinary Research, afd) Science

and Technology Policy Research.

e The final prepaation of the World Meteorological Organization/United Nations Environment Programme
2006 scientific statef-understanding assessment of the ozone layer for the Montreal Protocol was
completed CIRESscientists participated as coauthors, contributorsewers, and coordinating editor for
the report.

e The many forces that impact water demanda major Denver suburb, Aurora, with infrastructure
requirements over the next ten years in excess of $1 billion, were investigated. How the recent drought,
climate variables, demographics, pricing, irrigation technologyhame water meters, and other variables
affect demand were studied. A number of papers about water demand in the Denver area and a review
paper on factors influencing residential water demand webéished. Additionally, multiple presentations
directed to these topics were delivered in Colorado and Arizona. Awehgitei Wat e r Demand an
Conser vat i orip:/wna.solomdoedukesodrces/water_ demand_and_conservation/

e Analysis of paleoclimatological streamflow reconstructions, future streamflow projections from models and
other sources, and native streamflow reconstructions were synthesized to imprastanddey of stream
flows. A workshop heldo assisthe U.S. Bureau of Reclamation in assessing the state of climate change
science in its Col@ado River planning studies,deo the preparation of a peaviewed report, which may
become an appendix Rec | amati ondés emtgali nlgmpEancvti r Dthat e ment f or
and combined operation of Lake Powell and Lake Mead. This is the first report of its kind by Reclamation
anywhere in the U.S.


http://wwa.colorado.edu/resources/water_demand_and_conservation/

CIRES in 2006-2007: Administration and Funding

CIRES in 2006-2007
Administration and Funding

The Cooperative Institute for Research in Environmental Sciences (CIRES) is a joint institute established in 1967
between the University of Colorado and the National Oceanic and Atmospheric Administration (NOAA). The
purpose of CIRES is to maintain an drdisciplinary environment for research on the geosphere, biosphere,

atmosphere, hydrospte and cryosphere. CIRESonduct s basic research in supp
application of environmental science to advance the public welRES strengthenghe scientific foundation
upon which NOAAOG6Gs many services depend. CIRES® connect

Research and sister Cooperative Institutes also provide an avenue for coordinated studies on a scale that could not be
addresed byuniversity research uniten their own.

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 fundamental 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.

CIRES® direction is provided through its Cwakngdnl of Fe
focused objectivesuch as maintainingxcellence in computing ¢dities (Figure 1). Interdisciplinary sciencat

CIRES:is fostered through centers that cross traditional boundanmetheseinclude the Center for the Study of

Earth from Spac€CSES) the Center for Limnology, the National Snow and Ice Data C€Nt®IDC), the Center

for Scienceand Technology Policy Research (CSTP&t)d the Climate Diagnostics Cent€DC). CIl RESO6 campu:
affiliation provides NOAAlabs and centera breadth of connectioria 11 university departments and programs

(Figure 2). Communiation is facilitated through ane mb e r s § scertific retréatsresearch symposiums,

regular town meetings, and outreach. Career progression and excellence are promoted through a career track and an
outstanding employee recognition program. A vibrachdemic and research environment is fostered through a
graduate research fellowship program, a visiting faculty and postdoctoral pr@grameovative research program,

and a distinguished lecture series. Advanced research toolsrangled through annstrument design group,

machine shop, glassblowing, numerical climate models, and access to remote sensing and analytical instrumentation.

Figure 1. Organization of CIRES.



