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Executive Summary & Research Hi

ghlights

From the Director

Fiscal year 2016 marks my third year as Director of CIRES. As I look back at this past
year, and look forward to those ahead, I continue to feel an enormous sense of privilege
to be Director of an institute with such a talented workforce engaged in such important
and high-impact activities. At CIRES, we not only conduct and support research that is of
the highest quality, we also carry out research and related activities that are of tremendous
societal value through our partnership with NOAA, as well as our contributions to the
University mission.
In FY 2016, our expenditures were nearly $85 million, which comprised nearly a fifth
of the University’s research funding. Approximately half of our funding was from our
cooperative agreement with NOAA—our core support base—and we
continued to leverage this investment and the support from the
university to secure nearly $37 million in additional funding
from a diverse array of other sources. Among these were
NASA and the National Science Foundation. With support
from these and other sources, CIRES scientists published
more than 700 publications across the full spectrum of
environmental disciplines in many of the world’s most
prestigious journals. Four of CU Boulder’s seven “highly
cited researchers” (top 1% of citations in their fields) are
CIRES scientists. We have played a critical role in the
University’s educational mission through our 20 faculty and
our 210 graduate and undergraduate students in a wide range
of departments across campus.
Just as we are proud of our achievements in research and ed-
ucation, we are also proud to be valued partners in the execution of

NOAA’s mission. With 380 scientists and science support personnel located at the David
Skaggs Research Center, and dozens more on campus conducting NOAA-related re-
search, we are an integral part of the important work being done at NOAA’s Earth System
Research Laboratory, the National Weather Service’s Space Weather Prediction Center
and Weather Forecast Office, and the National Centers for Environmental Information.
‘The success of these partnerships is evident in the numerous publications co-authored by
CIRES and NOAA personnel, as well as various awards from NOAA and the U.S. Depart-
ment of Commerce recognizing the outstanding achievements realized by NOAA/CIRES
teams. CIRES researchers were key members of teams that won Department of Commerce
Gold and Bronze medals and the NOAA Technology Transfer Award last year. In addition,
two groups of CIRES and NOAA scientists won the COLABS/Governor’s High Impact
Award. We are also delighted to report that in February, the White House informed Gijs
de Boer, a CIRES researcher who works in NOAA’s Physical Sciences Division, that he
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From deep within the Earth to the top
of the atmosphere and beyond, CIRES
continues to explore and understand

had won a Presidential Early
Career Award in Science and
Engineering. De Boer’s in-

novative and bridge-building

® the world in which we live.

work on Arctic atmospheric
processes and their impact on
climate is partly funded by the
U.S. Department of Energy. Clearly our work with NOAA is having far reaching impacts
in Colorado, the nation, and the world.

One additional indication of the strength of the CIRES-NOAA relationship is the fact
that our scientists continue to occupy leadership roles in the Divisions and Centers at
NOAA, and our scientists are viewed favorably as strong candidates when civil servant
positions become available at NOAA. During the 2016 federal fiscal year so far, NOAA
Boulder groups reported nine new hires, seven of whom were CIRES employees. All of
this indicates the partnership is working well. On main campus, we welcome the arrival of
our newest faculty member, Michael Willis, who strengthens our capabilities and expertise
in remote sensing and geodesy. All are leaders among their peers and will no doubt make
significant contributions to CIRES and its mission.

From deep within the Earth to the top of the atmosphere and beyond, CIRES continues
to explore and understand the world in which we live, often turning those discoveries into
useful and actionable information. We advance science, and we improve lives. I am very
proud of the work we do at CIRES, and as you read through this report, I am confident
you will agree.

Waleed Abdalati
CIRES Director

Photo: Glenn Asakawa/CU Boulder



CIRES: Science in Service to Society

The Cooperative Institute for Research in Environmental
Sciences (CIRES) is an international leader in research,
addressing some of the most pressing challenges facing
the planet. Many of these challenges are priorities for
NOAA, such as adapting to and mitigating climate change
and conducting research that aids decision makers from
the local to the international level. Since its inception as
NOAAs first cooperative institute—now, almost 50 years
ago—CIRES has been helping NOAA meet these and other
strategic goals by hiring and supporting some of the best
and brightest Earth scientists and students, and leverag-
ing NOAA investments with partnerships and funding
from other institutions around the world. Our researchers
use time-honored and cutting-edge approaches to study
diverse aspects of Earth system science, with a focus on
“use-inspired” research. That is, CIRES science secks to

Flares burn at sunset in the Bakken oil and gas fields near
New Town, North Dakota. Photo: Jeff Peischl/CIRES

improve fundamental understanding of the changing world
and to produce applications that are useful and used by
decision-makers. Here we highlight a few of the past year’s
activities and successes as they align with NOAA’s priorities:
the overarching goals and enterprise objectives outlined in
NOAA’s Next Generation Strategic Plan.

Climate Adaptation and Mitigation Goal

CIRES scientists (often with NOAA and other colleagues):

* Developed an inventory for vehicle (gasoline- and die-
sel-powered) emissions that relies on intensive roadside
monitoring programs and tunnel studies to derive emission
factors.

* Completed the Synthesis Report of the United Nations
Montreal Protocol on Substances that Deplete the Ozone
Layer, which synthesizes the major findings from the 2014

reports of the Protocol’s three assessment panels: scientific,
technology and economic, and environmental effects.
Used research aircraft and an instrumented van to measure
methane, ammonia, nitrous oxide, and other chemicals
released from animal feedlots and dairies.

Conducted aerosol measurements in the Brazilian state of
Amazonia to study the evolution of pollution aerosol from
Manaus in the Amazon rainforest and its impact on cloud
formation.

Updated the NOAA Annual Greenhouse Gas Index to
include 2015 GHG measurements and infer the direct
impact of different gases on global radiative forcing.
Presented a large-scale assessment of the observed occur-
rences of extreme daily rainfall (such as the flash-floods

in Texas in May 2015) over the entire contiguous United
States during 2015.




* Investigated the impact of El Nifio on surface pH and
dissolved oxygen in California Current System.

Weather-Ready Nation Goal

CIRES scientists (often with NOAA and other col-

leagues):

* Quantified methane emissions from oil and natural gas
extraction in the Bakken oil and gas field in North Dakota
and found the methane leak rate was significantly lower
than had been reported using satellite remote sensing data.

* Analyzed measurements of methane released from the Aliso
Canyon underground storage facility in California, which
helped document human exposure, formulate intervention
strategies, and quantify the efficacy of control measures.

* Successfully upgraded the Tunable Optical Profiler for
Aerosol and 0Zone (TOPAZ) lidar data acquisition system,
which significantly increased TOPAZ’s measurement range
from 2 km to at least 6 km. This will allow researchers

to better document ozone transport mechanisms with
important implications for ground-level air quality, such as
stratospheric intrusions and long-range transport of ozone
from Asia.

* Brought together the Forecast Impact and Quality As-
sessment Section (FIQAS) with National Weather Service
(N'WS) aviation forecasters to develop a tool (Central
Weather Service Unit Briefing and Verification Tool,
CBVT) to capture the information from weather briefings
to FAA traffic managers and provide a report on the perfor-
mance of these forecasts to managers. The first phase of this
project—related to forecasts of wind shifts affecting airport
operations—is nearing completion.

¢ The capability of the multi-storm Hurricane Weather
Research and Forecast (HWRF), developed to both speed
up and improve numerical forecasting of tropical cyclones
by incorporating multiple storms in a single forecast
realization, was incorporated onto the centralized HWRF

code. This HWREF configuration underwent realtime
testing during the 2015 Adantic hurricane season, and is a
candidate for 2017 operational implementation.

Engagement Enterprise
CIRES scientists (often with NOAA and other colleagues):
* Brought a traveling version of Science On a Sphere® (SOS)

to the U.S. Pavilion at the 2015 United Nations Climate
Change Conference in Paris, France. The traveling SOS
exhibit also appeared at four other events, including the
American Meteorological Society Annual Meeting and the
USA Science and Engineering Festival. This work earned
the NOAA members of the team a U.S. Department of
Commerce Gold Medal; the CIRES members received a
CIRES Gold.

Transitioned new and restored projects from MADIS,

the Meteorological Assimilation Data Ingest System, into
operations at the National Weather Service. These included

Great Basin thunderstorm near Ely, Nevada. Photo: John Cassano/CIRES
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Dr. Stephen Volz, NOAA Assistant Administrator for Satellite and Information Services,

demonstrated NOAA’s Science on a Sphere® at the opening reception for the American
Meteorological Society’s Annual Meeting in January, 2016. Photo: NOAA



the Automated Flood Warning System (AFWYS) product,
as well as the addition and restoration of weather data
from several state departments of transportation. CIRES
scientists in ESRLs Global Systems Division were part of a
NOAA team awarded the NOAA Administrator’s Award
for the group’s extraordinary collaboration and leadership.

* Continually maintained and updated the Sea Ice Index,
which provides thousands of users with a quick look at Arc-
tic-wide changes in sea ice. Arctic sea ice reached its annual
maximum extent on March 24, 2016 and is now the lowest
maximum in the satellite record.

Science and Technology Enterprise
CIRES scientists (often with NOAA and other colleagues):
* Received a Governor’s Award for High Impact Research:
Foundational Science and Technology for the production
of mission-critical representations of Earth’s magnetic field
used daily by millions of people for military, mobile phone

and other navigation needs, as well as other and innova-
tions that could improve the ability to detect tsunamis and
navigate more accurately through cities or under ice.

* Published a paper entitled “Future cost-competitive elec-
tricity systems and their impact on U.S. CO, emissions,”
which showed the United States could slash greenhouse
gas emissions from power production by up to 78 percent
below 1990 levels within 15 years while meeting increased
demand.

* Worked with modelers at agencies and universities across
the country to better coordinate U.S. Earth System model-
ing. National modeling systems provide critical functions in
weather forecasting, military operations, and climate pro-
jections. CIRES- and NOAA-developed software enables
the groups that develop these modeling systems to share
infrastructure code and exchange science components, such
as ocean and ice models.

* Developed geographic information system (GIS) analysis

methods, cartographic content, and preliminary scientific
documentation for the U.S. Extended Continental Shelf
(ECS) Project.

Turned the MASIE-AMSR2 (MASAM?2): Daily 4 km
Arctic Sea Ice Concentration into a near-real-time, daily
update product, which meets a need for greater accuracy
and higher resolution in ice concentration fields that are
used to initialize an operational sea ice forecast model.
Deployed a wide array of instruments to improve the skill
of NOAAs forecast models at predicting weather that
impacts wind energy generation around the Columbia
River Gorge.

Initiated the El Nifio Rapid Response (ENRR) project in
advance of the 2015-16 El Nifo event, which provided an
exceptional scientific opportunity to accelerate advances in
understanding and predictions of an extreme climate event
and its impacts while the event was ongoing.

Pancake sea ice stretches to the horizon on approach to the Antarctic Peninsula. Photo:

Glenn E. Grant/CIRES

Sunrise aboard the NOAA Ship Ronald H. Brown during the El Nifio Rapid Response
field campaign. Photo: Dan Wolfe/CIRES
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This is CIRES

CIRES mission is to conduct
innovative research that advances our
understanding of the global, regional,
and local environments and the human
relationship with those environments,
@ for the benefit of society.

Established in 1967, the Cooperative Institute for Re-
search in Environmental Sciences (CIRES) facilitates collab-
oration between the University of Colorado Boulder and
the NOAA. Our original and continuing purpose is to sup-
port NOAA’s mission by facilitating research that crosscuts
traditional scientific fields. By bringing scientists from CU
Boulder departments and NOAA groups together into a
network of CIRES divisions, centers, and programs, CIRES
researchers can explore all aspects of the Earth system. These
partnerships foster innovation, rapid-response capabilities,
and an interdisciplinary approach to complex environmen-
tal challenges. The work of the CIRES enterprise strength-
ens the scientific foundation upon which NOAA’s environ-
mental intelligence services depend, and allows coordinated
studies on a scale that could not be addressed by university
research units or NOAA alone.
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Collaborations
CIRES scientists and staff are affiliated with:

University of Colorado Boulder Departments
* Aerospace Engineering Sciences
* Atmospheric and Oceanic Sciences
¢ Chemistry and Biochemistry
e Civil, Environmental, and Architectural Engineering
* Ecology and Evolutionary Biology
* Environmental Studies Program
e Geography
* Geological Sciences
* Molecular, Cellular, and Developmental Biology

NOAA Earth System Research Laboratory (ESRL)
¢ Chemical Sciences Division
¢ Director’s Office
¢ Global Monitoring Division
* Global Systems Division
¢ NOAA Environmental Software Infrastructure
and Interoperability group
e Physical Sciences Division

NOAA Centers
¢ National Centers for Environmental Information
e Space Weather Prediction Center

CIRES Structure

CIRES research is organized into six divisions, each
guided by one Fellow; every CIRES scientist falls into
one division. Our four centers and two key programs
foster cross-fertilization of ideas and enable rapid
response to emerging challenges. Other programs serve
the whole institute.

Divisions
¢ Cryospheric and Polar Processes
* Ecosystem Science
* Environmental Chemistry
¢ Environmental Observations, Modeling,
and Forecasting
e Solid Earth Sciences
e Weather and Climate Dynamics

Centers & Programs
e Center for Limnology (page 26)
¢ Center for Science and Technology Policy Research
(page 28)
e Earth Science and Observation Center (page 30)
* National Snow and Ice Data Center (page 32)
* Western Water Assessment (page 34)
¢ Education and Outreach (page 36)

Other Programs
* Visiting Fellows (page 38)
¢ Innovative Research Program (page 43)
e Graduate Student Research Awards (page 44)
* Diversity and Undergraduate Programs (page 45)
e Awards (page 48)
e Events (page 51)
e Integrated Instrument Design Facility (page 54)
* Communications (page 55)



Organization

The CIRES Team FY2016

Associate Director
for Science

CIRES Scientists
at NOAA

The Council of Fellows and the Executive Committee, Observation Center, and the National Snow and Ice Data Faculty Lines 20
with input from the CIRES Members” Council, advise Center—along with our other programs link NOAA to o
CIRES Director Waleed Abdalati. The CIRES Cen- nine university departments. Coordination among all these Research Scientists 257
ters—the Center for. Limnology, the Center fgr Science entities is facilitated through the CIRES administration. AesaciEie Soeniisie 264
and Technology Policy Research, the Earth Science and
Visiting Scientists 15
Postdoctoral Researchers 29
CIRES Organizational Structure o )
Administrative Staff 34
Vice Chancellor for Research Graduate Students 113
Dean of the Graduate School
Undergraduate Students 97
Executive Committee
CIRES Director Council of Fellows
CIRES Associate Director
Associate Director 8 Chief Financial Communications Center Directors | Associate Directors
for Administration Officer Biresiar + Center for for CIRES Divisions
CIRES Hieleey + Cryospheric and
IRES IT + Center for Polar Processes
i) (S e Science and » Ecosystem Science
Administration Ear Communications Development 'Fl;ecllhnoéogy N e "
Staff Staff Facility olicy Researc nvironmenta
o il Chemistry
Science and » Environmental
Observation Observations,
Center Modeling, and
» National Snow Forecasting
and Ice Data + Solid Earth
Center Sciences
Weather and
Climate Dynamics
2016 Annual Report _-Zé\

CIRES



(Governance

Council of Fellows

The Council of Fellows constitutes the Board of Directors
and chief advisory body of CIRES. Fellows are selected
because of their outstanding achievements and abilities in
diverse areas of environmental sciences. These university
faculty, research scientists, and government scientists and
Fellows form the core of our institute. Members of the
Council of Fellows:

* provide leadership at all levels in environmental science,

* maintain an active scientific research and education pro-

gram,

¢ support the CIRES infrastructure through indirect cost

recovery and in-kind contributions,

¢ advise CIRES management, and

* contribute interdisciplinary expertise and participate in

collaborative work.

Fellows personify the spirit of collaboration that is the
founding principle of the NOAA Cooperative Institutes
Program. Ex-officio individuals include representatives of
the Members’ Council and CIRES administration. Fellows
meetings are held monthly during the academic year.
During this reporting period, the Council of Fellows met:
September 10, October 8, November 12, and December 10
0f 2015; and January 21, February 18, March 14, and April
21 of 2016. For more details about the 45 members of the
Council of Fellows, please see page 11.

Executive Committee

The Executive Committee assists and advises the director
in matters regarding strategic management of the institute.
Members of the Executive Committee include the associate
directors for CIRES’ six divisions, four Fellows elected at
large for two-year terms (renewable for one term), and two
Members” Council representatives. The associate director
for administration, associate director for science, and the
director’s executive assistant are ex-officio members.
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Career Track Committee

This committee is charged with consideration of all
nominations for promotion within the three CIRES career
tracks: Research Scientist, Associate Scientist, and Admin-
istrative Associate. Nominations are made once yearly, and
the committee’s recommendations are forwarded to the
director for consideration and action.

Fellows Appointment

Fellows of CIRES are selected by two-thirds vote of the
Council of Fellows and are appointed or reappointed by
the director of CIRES with the concurrence of the Vice
Chancellor for Research and the Dean of the Graduate
School. Annually, the Council of Fellows considers whether
to entertain new Fellow nominations, which are drawn
from the community of scientists at the University of
Colorado Boulder and NOAA. Project leaders present cases
for appointment of new Fellows to the Council of Fellows.
'The initial appointment of any new CIRES Fellow is for
two years, and continuing-term reappointments are for five
years. Qualifications for reappointment are the same as for
the initial appointment, except that the established record
of the appointee must show evidence of commitment to the
affairs of CIRES.

Diversity

CIRES is committed to enhancing diversity by extending
its community and knowledge across the full spectrum
of cultures and backgrounds. Staff in CIRES’ Education
and Outreach program, administration, and all science
groups work to identify programs, mentorships, and other
opportunities for CIRES to foster diversity and enrich
our professional community (pages 45-47 highlight some
specific diversity-oriented projects).

Members’ Council

The CIRES Members Council, created in 1997, serves
as an information and policy conduit between institute
members and CIRES leadership. To provide uniform repre-
sentation, the CIRES membership is divided geographically
into eight groups that comprise various divisions and centers
across the institute, with representation reflecting the size of
each group. From the council, two elected delegates serve as
the liaison between the Members' Council and the CIRES
Council of Fellows and Executive Committee. The Members’
Council, which meets monthly, serves as a direct line of com-
munication to the Member population at large. At meetings,
the Council hears members’ inquiries and concerns, discusses
and develops potential solutions to outstanding issues, and
works directly with CIRES leadership to implement these
solutions. Additionally, the Members’ Council performs
regular service to the institute by, for example, sponsoring
the annual CIRES Science Rendezvous science symposium,
the Awards Committee for CIRES Outstanding Performance
Awards, and the CIRES Bike Share program.

Special Committees

Additional special committees are appointed as needed
by the director. These include faculty search committees,
the University Academic Review and Planning Advisory
Committee, Award Committee, faculty promotion commit-
tees, and others. These are created as the need arises, exist to
accomplish a specific task, and are then disbanded.

Other CIRES Committees
Visiting Fellows (page 38)
Distinguished Lecture (page 51)
Graduate Student Research Award (page 44)
Innovative Research Program (page 43)



Finance

Please note that data shown on this page are preliminary; the
University of Colorado switched to a new accounting system in
2015, which has delayed the usual close of the fiscal year. We
will provide final data when available.

During the university fiscal year of July 1, 2015, to June
30, 2016, CIRES had total expenditures of more than $85
million, including the university portion (graph 1).

CIRES researchers enjoy enviable success in obtaining ex-
ternal research awards (50 percent of total expenses). Graph
2 breaks down our contracts and grant funding by source.

As of June 30, 2016, NOAA provided $51,203,805 for
the preceding 12 months of our Cooperative Agreement
NA120AR4320137.

Graph 3 provides an overall look at our Cooperative
Agreement funding, by task. Task I funding (further
described in graph 4) is for CIRES administration and in-
ternal scientific programs, such as the Visiting Fellows and
Graduate Student Research Award programs. Task II funds
CIRES’ collaboration with NOAA groups in Boulder, Col-
orado. Task III funds support individual CIRES investiga-
tors who conduct stand-alone projects under the umbrella
of our Cooperative Agreement, at NOAA’s request.

1. CIRES expenditures by funding source
July 2015-June 2016

100 —

2011-12 2012-13

Boulder

3. Agreement expenditures by Task

2013-14
. Contracts/Grants . University of Colorado

2014-15

July 2015-June 2016

NOAA Cooperative Agreements | Start Date | End Date

Amount in $

NA120AR4320137
CIRES Five-Year Cooperative
Agreement

9/1/2012 8/31/2017

108,804,151.92

NA150AR4320137
CIRES Five-Year Cooperative
Agreement (new award no.)

9/1/2012 8/31/2017

46,114,468.85

*Please see page 133 for other active NOAA awards. Our other agency
awards are represented in graph 2 above; they are too numerous to list in

full here.

Task Ill: $1,773,730 Task I: $750,000

Task II: $40,219,813

2. Contract/Grants by source

$5,815,767

2015-16

. Cooperative Agreement

4. Breakdown of Task | expenditures

Other Research
Support
16%

Administration
35%

Visiting Fellows
35%

Facilities
7%
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People & Programs

CIRES starts with people CIRES Fellows

In this section, we highlight the diverse environmental science work being done at

CIRES, beginning with CIRES Fellows. Fellows pages are followed by reports on CIRES NOAA Scientists

four centers (page 26) and two programs (page 34). Stan Benjamin Christopher Fairal
We also report on our prestigious Visiting Fellowships (page 38), pioneering research Randall Dole Graham Feingold

funded by CIRES’ Innovative Research Program (page 43), and graduate and undergradu- David Fahey Stephen Montzka

ate programs including award and diversity programs (page 45).
A more exhaustive description of CIRES projects, involving CIRES Fellows at NOAA
and hundreds of other scientists and staff, can be found in the Project Reports (page 58).

CU-Boulder Teaching Faculty

Waleed Abdalati José-Luis Jiménez Mark Serreze
Roger Bilham Craig Jones Anne Sheehan
Maxwell Boykoff Kris Karnauskas Robert Sievers
Eleanor Brown Jennifer Kay Kristy Tiampo
John Cassano William M. Lewis Jr. Margaret Tolbert
Xinzhao Chu Ben Livneh Greg Tucker
Shelley Copley Peter Molnar Veronica Vaida
Lisa Dilling William Neff Rainer Volkamer
Lang Farmer R. Steven Nerem Carol Wessman
Noah Fierer Balaji Rajagopalan Paul Ziemann

CIRES Research Scientists

Richard Armstrong Timothy Fuller-Rowell
Thomas Chase R. Michael Hardesty
Joost de Gouw Judith Perlwitz

Fred Fehsenfeld Prashant Sardeshmukh

Participants in the Juneau Icefield Research Program jump while taking in the view of the
Taku Glacier in southeast Alaska. Photo: Allen Pope/CIRES
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Fellows

Waleed Abdalati
CIRES Director,
Professor of Geography

My group’s research focuses on using space-based, air-
borne, and in situ observations to study changes in Earth’s
glaciers and ice sheets, and their contributions to sea level
rise. We focus on three areas. The first is the development of
methods for determining how much meltwater is stored in
and lost from melt lakes on the surface of the Greenland Ice
Sheet. This meltwater has significant implications for the
speed at which the ice sheet flows toward the sea, because
the meltwater can reduce friction between the ice and the
bedrock on which it rests. It also changes the deformation
properties of the ice as the warm meltwater penetrates into
the ice. The second focus is on understanding the nature
of compaction of the near-surface firn (aging snow) on
the Greenland Ice Sheet in order to understand the the
changes in ice sheet melt with time and to improve the
interpretation of satellite and aircraft altimetry observations
of ice-sheet elevation changes for which accurate density in-
formation is critical. Finally, we are working with data from
NASA’s airborne and spaceborne laser altimetry observa-
tions to detect and understand the evolution of crevasses on
the Greenland Ice Sheet and their implications for ice sheet
mass changes. These areas of research are fundamental to
our ultimate overarching objective of determining how and
why Earth’s glaciers and ice sheets are changing and what
those changes mean for life on Earth.

Richard Armstrong
Adjunct Associate
Professor of Geography

The Contribution to High Asia Runoff from Ice and Snow
(CHARIS) project’s basic research goal is to determine how
much river flow originates as glacier melt and how much
comes from melting seasonal snow and rainfall within the
five major basins across High Asia (Brahmaputra, Ganges,
Indus, Syr Darya, Amu Darya). This distinction is import-
ant because while seasonal snow cover returns every year,
albeit in varying amounts, glaciers disappear as a result of
a warming climate, and that water source is totally lost for
the current era. The CHARIS project methodology achieves
this goal by identifying the surface type (snow on ground,
snow on glacier ice, glacier ice) using satellite remote
sensing data and then applying a melt model appropriate to
that surface. Preliminary estimates for glacier melt con-
tribution vary from as little as 5 percent in the monsoon
rainfall dominated regions of eastern High Asia to nearly 50
percent in drier western regions. The United States Agency
for International Development-funded CHARIS project
also serves as a capacity building/technology transfer effort
in support of eleven research institutions in eight countries.
This is accomplished by annual workshops conducted by
NSIDC/CIRES staff for training in the applications of GIS
to mountain regions, along with energy balance and melt
model development. For details see http://nsidc.org/charis.

Stanley G. Benjamin
Chief, Assimilation and
Modeling Branch,

NOAA Global Systems Division

I lead a group that focuses on developing the next-gen-
eration weather models, data assimilation techniques, and
other research projects aimed at improving operational
weather up to seasonal forecasting. We contribute to
regional and global model development, and we col-
laborate extensively with NOAA’s National Centers for
Environmental Prediction (NCEP), the National Center
for Atmospheric Research, other groups in NOAA/ESRL
and other laboratories and universities. For example, we
developed the High-Resolution Rapid Refresh (HRRR), a 3
km model initialized with latest radar data, now operational
in the NWS, providing guidance to weather forecasters
for rapidly changing weather conditions. We are currently
improving representation of clouds and turbulence in future
refinements of the HRRR for the aviation/transportation
community, and for renewable energy, including ongoing
wind and solar energy projects for the U.S. Department
of Energy and NOAA. We also continue to develop the
Flow-following finite-volume Icosahedral Model (FIM) in
preparation for other future global models. The FIM global
model uses a unique icosahedral grid comprised of nearly
uniform hexagons and an adaptive vertical coordinate.
Finally, our team works with developing and evaluating a
related icosahedral coupled atmospheric-ocean-chemistry
model to improve week 3-4 forecast guidance. This key ef-
fort within NOAA to improve outlooks on extreme weather
includes focus on understanding and improving simulations
of global circulation drivers in the tropics (Madden-Julian
Oscillation) and the stratosphere (sudden warming events).
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CIRES Fellows

Roger Bilham
Professor Emeritus of
Geological Sciences

The long anticipated April 2015 Mw=7.8 Nepal earthquake
caused less damage than had been expected considering that
its rupture shifted the capital, Kathmandu, one meter up-
ward and southward relative to India in less than 12 seconds.
Because it occurred at midday on a holiday, few people were
indoors in villages where most of the collapse occurred. Had
the mainshock occurred just twelve hours later, the death
toll would have been four times higher. Concern that the
southern and western Himalaya had been stressed by the
carthquake, and that a second damaging earthquake might
soon shake weakened buildings in the city, we supplemented
existing recording systems with numerous GPS receivers
recording at rates up to 5 Hz. An interpretation of these data
indicate that stable conditions were established about six
months after the earthquake. We conjecture that this residual
stress will be mobilized in a future major earthquake nucle-
ating to the north and west. A re-evaluation of the Mw=8.3
1897 Shillong earthquake north of Kolkota showed that
although it slipped upwards of 25m (the largest blind thrust
ever recorded), its rupture stopped 6 km below the Earth’s
surface and its surface manifestation was entirely in the form
of secondary faulting. One of these secondary faults was
identified on space imagery and used to constrain the western
end of the subsurface rupture.

England, P, and R. Bilham (2015), The Shillong Pla-
teau and the Great 1897 Earthquake, Zectonics, 34,
doi:10.1002/2015TC003902.

Bilham, R., Raising Kathmandu, (2015) Nature Geoscience,
8, 582-4.
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Maxwell Boykoff
Director, Center for Science and
Technology Policy Research
Associate Professor of
Environmental Studies

Max Boykoff’s ongoing research and creative work focuses
on cultural politics and environmental governance, climate
change communication, science-policy interactions, disaster
risk reduction, and climate adaptation. As one output from
these research endeavors, Max co-authored a 2015 Nature
Climate Change article, “Dominant frames evident in legacy
and social media coverage of the IPCC 5th Assessment
Report.” It examined U.K. and US broadcast, print, and
global social media coverage on the IPCC 5th Assessment
Report. The paper showed coverage—varying by media
institutions—of IPCC Working Group I (WGI) was con-
tested and politicized in these media sources, employing the
‘Settled Science,” “‘Uncertain Science,” ‘Political or Ideolog-
ical Struggle,” and ‘Role of Science’ frames. WGII coverage
commonly used ‘Disaster’ and ‘Security’ frames. Coverage
of WGII and WGIII also regularly included ‘Economics’
and ‘Morality and Ethics’ frames. By extension, Max spoke
on a side event panel on TPCC Communications’ at the
U.N. Climate Change Conference meeting in December,
2015 in Paris, France. He elaborated on these findings and
provided additional comments, including that innovation
and transparency remain key challenges in IPCC communi-
cations. He argued that the IPCC motto of ‘policy relevant
not policy prescriptive’ has served the organization well for
the past 25 years but to stay useful in the public arena for
the next 25 years, IPCC communications must find ways
to reach public audiences through resonant and meaningful
strategies that integrate insights gained from social science
work over the past decade.

Eleanor C. Browne
Assistant Professor of
Chemistry and Biochemistry

Emissions of nitrogen that are biologically, photochem-
ically, or radiatively active (reactive nitrogen) have dras-
tically increased since the beginning of the 20th century
primarily as a result of processes related to energy and food
production. This increase in reactive nitrogen has resulted
in numerous unintended consequences that have affected
ecosystem health, air quality, and climate. Understanding
these impacts is thus both a scientific and a policy concern
and requires detailed knowledge of both the transport and
the chemical transformations of reactive nitrogen. Con-
straining transport and chemical transformations has been
particularly difficult for the organic nitrogen component
due to its chemical complexity and reactivity.

Currently, our group is working on developing analytical
measurement techniques capable of detecting and quantify-
ing organic nitrogen compounds at atmospherically relevant
concentrations and time-scales. We use these techniques in
both the field and the lab to investigate how organic nitro-
gen is chemically transformed in the atmosphere and how
this chemistry affects tropospheric ozone and the forma-
tion, growth, and physical properties of aerosols. Ongoing
experiments are focused on understanding how urea chem-
istry impacts the transport of nitrogen from agricultural
areas and in constraining the gas- and multiphase-chemistry
of nitrogen heterocycles in biomass burning plumes.



John Cassano
Associate Professor of
Atmospheric and Oceanic
Sciences

Our research group studies the weather and climate of the
polar regions with an emphasis on processes that couple
the atmosphere to the other components of the climate
system (ocean, sea ice, and land). We use both computer
models and observation data for our research. Over the past
several years we have developed a high resolution Regional
Arctic System Model (RASM) that allows us to simulate
the Arctic climate system and to explore the interactions
between the atmosphere and the ocean, sea ice, and land.
This model is similar to global climate system models used
to make projections of future climate change but can be
run at higher resolution, allowing us to study processes
and features that occur on smaller scales but are important
drivers of climate. Our modeling effort is complemented by
a strong observational focus. In addition to using existing
observational datasets, ranging from long-term weather and
climate observations to detailed observations from limited
duration field campaigns, we also deploy and use autono-
mous observing systems (automatic weather stations and
unmanned aerial systems) to observe the lower atmosphere
and underlying surface. These observational tools let us
make observations throughout the year in the polar regions
with most of our observational work taking place in Ant-
arctica.

Thomas Chase
CIRES Senior Research
Scientist

Why do mid-tropospheric atmospheric temperatures
display a clear physical limit? Any lasting physical system
must be self regulated; changes to the system cannot ampli-
fy but must tend back towards the original state. We have
recently documented a regulation mechanism in the Earth’s
climate system, oceanic sea surface temperature (SST)
initiated convection, which keeps average temperatures in
a meteorologically important atmospheric level (500mb,
mid-troposphere) in the range between about —42° C and
—3° C (Chase et al., 2015). Northern Hemisphere, mid-tro-
pospheric temperatures seldom exceed these extremes which
then limit the pace and extent of any changes in future
climate. Mid-tropospheric temperatures are significant me-
teorologically and climatologically and this limited range of
temperatures suggests a constraining physical process which
we suggest is atmospheric convection (vertical movement
in the atmosphere due to surface heating which transfers
energy upward). This self-regulation of tropospheric tem-
peratures affects jet stream and baroclinic storm dynamics
and therefore limits changes in climate variability. Based on
these data, these limits will continue unless SST warms to
more than —2° C in high latitudes, more than 32° C in the
tropics, or both. That such self-regulation exists in a stable
physical system is not surprising.

Chase, T. N., B. M. Herman, R. A. Pielke, Sr. 2015.
“Bracketing Climatological Mid-Tropospheric Tempera-
tures in the Northern Hemisphere: An Observational
Study 1979 — 2013,” Climatology and Weather Forecast-
ing 3, 1-3, doi: 10.4172/2332-2594.1000131.

Xinzhao Chu

Professor of Aerospace
Engineering Sciences

My group’s research goal is to explore the unknown in
the atmosphere, space, and beyond. Seeing limitations in
detection capabilities hampering progress in atmosphere
and space sciences, we have pursued research to meet these
challenges through developing new lidar technologies and
by pushing the science field forward with new discoveries.
We work to explore advanced spectroscopy principles and
develop the next-generation lidar technologies. By making
measurements with unprecedented accuracy, precision, and
coverage, we study the fundamental physical and chemical
processes that govern the structures and dynamics of the
whole atmosphere, and advance understanding of the uni-
versal processes in the Earth’s space-atmosphere interaction
region and how they shape the atmosphere of Earth-like
planets throughout our galaxy. In our quest to develop
whole atmosphere lidar and to explore the unmapped, we
also aim to realize the full potential of lidar, making practi-
cal use of it to serve the world.

My group has achieved numerous lidar technology
breakthroughs and groundbreaking science discoveries in
the atmosphere and space sciences. We have advanced the
upper atmosphere field by making frontier lidar measure-
ments and numerical simulations of meteoric free atoms
of iron to altitudes nearly 200 km at McMurdo Station in
Antarctica. Besides being a CIRES Fellow, I am a professor
in the CU Boulder Department of Aerospace Engineering
Sciences. I teach graduate classes in spectroscopy and lidar
remote sensing, and undergraduate classes in “Electronics
and Communications” and “Thermodynamics and Heat
Transfer.”
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Shelley Copley
Professor of Molecular,
Cellular and Developmental
Biology

In the Copley lab, we study the evolution of new enzymes
and metabolic pathways in bacteria that are exposed to
novel environmental opportunities or challenges. The ge-
nomes of most bacteria encode on the order of 1000-2000
enzymes. Each of these enzymes serves a primary function
that is important for the bacterium to generate the building
blocks of macromolecules such as DNA, RNA, proteins,
and lipids. Because the active sites of enzymes contain a
variety of catalytic components, including acids, bases,
nucleophiles, metal ions, and organic cofactors, they often
can catalyze secondary reactions if a non-canonical substrate
happens to bind in proximity to the catalytic machinery.
These secondary “promiscuous” reactions play no role under
normal conditions. However, if the environment changes, a
promiscuous activity may become important for fitness or
even survival. In such cases, a promiscuous enzyme may be
recruited to do a new job. Multiple promiscuous activities
can even be patched together to constitute new metabolic
pathways. Current projects in the lab include investigations
of 1. The trajectory toward evolution of an efficient new
enzyme starting from an inefficient promiscuous activity; 2.
How the evolutionary potential of a promiscuous activi-
ty varies in enzymes from different bacteria that catalyze
the same physiological reaction; 3. Pathways that can be
patched together from promiscuous enzymes to compensate
for the loss of an essential enzyme.

14 {/RAES 2016 Annual Report

Joost de Gouw
Reseasrch Physicist, NOAA
Chemical Sciences Division,
Adjoint Professor of Chemistry
and Biochemistry

Volatile organic compounds are released to the atmosphere
from natural and man-made sources, for example from
forests, motor vehicles, and industrial processes. Hundreds
of different compounds have been detected, each with dif-
ferent chemical and physical properties. Chemical reactions
in the atmosphere that involve volatile organic compounds
lead to the formation of pollutants such as ozone and
fine particles, which impact air quality and climate. We
use measurements by mass spectrometry and gas chro-
matography to quantify the emissions of volatile organic
compounds to the atmosphere and study their chemical
reactions. We make these measurements from research air-
craft, ships, ground sites, and mobile laboratories. Current
projects include the formation of fine particles from natural
and man-made precursors in the southeast United States
and the Los Angeles Basin, two regions with completely
different emissions. We study energy sources such as corn
ethanol, shale oil, and natural gas: The production of these
has expanded rapidly over the past decade with uncertain
impacts on air quality and greenhouse gas emissions. We
are also interested in biomass burning, including wildfires,
agricultural, and residential wood burning. Wildfires are
increasingly common in the U.S. and can have episodic and
strong impacts on the atmosphere. However, the chemical
composition of smoke is complex and our understanding is
limited by current analytical capabilities.

Lisa Dilling
Director, Western Water
Assessment,

Associate Professor of
Environmental Studies

My research focuses on how we can improve societal
outcomes with respect to climate-related risks. I have ex-
amined why current science policies lead to research that is
less usable for decision making and now will focus on how
decision making affects adaptive capacity, or the ability to
effectively respond and adjust to climate-related risks. My
research program asks questions under three, interrelated
themes with respect to climate and societal outcomes: 1.
How can information be more usable in resource manage-
ment and climate adaptation decision making?; 2. How
does decision context affect policy options and demand
for information?; and 3. What factors shape the adaptive
capacity of organizations managing resources at the local
level? T am a problem-oriented scholar utilizing mainly
social and policy science mixed-method approaches. My
research is also interdisciplinary and collaborative, com-
bining disciplines such as geography, political science, and
the natural sciences. I currently lead the Western Water
Assessment, a Regional Integrated Sciences and Assess-
ment program funded by NOAA that conducts innovative
research in partnership with decision makers in the Rocky
Mountain West, helping them make the best use of science
to manage for climate impacts. My current research projects
focus on drought in urban water systems, water governance
and climate change, municipal adaptation to hazards, and
knowledge for adaptation among pastoralists.



Randall Dole
NOAA Senior Scientist, Physical
Sciences Division

My research focuses on physical processes and phenome-
na linking weather and climate. I am interested especially
in the connections between extreme events and climate
variations and change. The ultimate goal of this research
is to improve NOAA services that inform decisions on
carly warning, preparedness, and adaptation. For the last
year, I have been focused on the NOAA-led El Nifio Rapid
Response Mission, which engaged dozens of NOAA,
CIRES, and other scientists around the world, in an effort
to better understand one of the strongest El Nino events
in decades. This mission, which rapidly pulled in NOAA
aircraft, ship, and ground-based resources, has resulted in
an unprecedented air-sea dataset, which will be scrutinized
for years to come. I serve on the World Weather Research
Program Scientific Steering Committee, which provides
scientific oversight and guidance for a diverse set of major
international weather research programs and activities co-

ordinated through the World Meteorological Organization.

I am a Fellow of the American Meteorological Society and
of CIRES, and Division Director of the CIRES Weather
and Climate Dynamics Division. I am the recipient of a
U.S. Department of Commerce Silver Medal, the NOAA
Administrator’s Award, and four NOAA Bronze Medal
Awards.

David Fahey
Director, NOAA Chemical
Sciences Division

David Fahey is currently Director of the Chemical Scienc-
es Division of NOAA’s Earth System Research Laboratory
in Boulder. The Division’s mission is to advance scientific
understanding of three major environmental and societal
issues of our time, namely, climate change, air quality,
and the stratospheric ozone layer, through research on the
chemical and physical processes that affect Earth’s atmo-
spheric composition. His personal research interests are
measurements of trace gases and aerosols in the troposphere
and lower stratosphere and the interpretation of these
measurements to advance understanding and support
decision making. His current interests include water vapor
and ice microphysics in the lower stratosphere, the role of
black carbon and other aerosols in climate and air quality,
the role of aviation in climate, and reducing the uncertainty
in the calculation of radiative forcing of present day carbon
dioxide in the atmosphere.

Chris Fairall

Team Lead, Boundary Layer
Observations and Process,
NOAA Physical Sciences
Division

Chris Fairall is a physicist in NOAA’s Earth System
Research Laboratory in Boulder, Colorado, where he heads
the Boundary-Layer Observations and Processes team. He
works in unraveling the mysteries of how the ocean and
atmosphere battle each other as part of the Earth’s climate
system from El Nifio to hurricanes. He has spent decades
developing and deploying air-sea interaction observing
systems for NOAA ships and aircraft and has participat-
ed in nearly 50 research field programs and cruises from
the tropics to the Arctic icecap. His work is devoted to
making direct measurements for verifying and improving
the representation of air-sea interaction processes (surface
evaporation, absorption of heat, generation of waves, up-
take of carbon dioxide) in climate models used for climate
change projections. Do the models get the right clouds
(stratus, cumulus, thunderstorms) over the right ocean?
Do they transfer the right amount of carbon dioxide from
the air to the water? Do they put the right amount of heat
into the tropical oceans and take it out in the polar oceans?
How does the ocean power hurricanes and what is required
to allow realistic hurricanes to ‘live’ in climate models? Do
models correctly represent the heat balance of the Arctic
Ocean ice cap? Fairall’s observing technology work has also
led to improvements in the global ocean observing system.
He is currently working on improving hurricane intensity
forecasts.
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G. Lang Farmer
Professor of
Geological Sciences

My research interests are in investigating the origin and
evolution of continental lithosphere through the use of
natural chemical and isotopic variations in Earth materials.
One such project, published in 2015, involved a study of
sediments strewn on the surface of North America some
550 million years ago during the breakup (rifting) of the
Rodinia “supercontinent” (Howard et al, Earth and Plan-
etary Science Letters, v. 432, p. 300-310). The distribution
of these sediments is controlled by variations in the sources
of the sediments (what eroded) and the geography of the
land surface at the time. Our approach was to determine
the sources of the mineral zircon transported in these
sediments, through the use of in situ uranium-lead age de-
terminations and hafnium isotopic analyses from individual
minerals. We concentrated on zircon with ages in the range
from 1.0 Ga to 1.2 Ga, mineral grains that are thought to
have been eroded from rocks of this age at the eastern mar-
gin of the North American continent and then transported
across the continent to the west. Armed with hafnium
isotopic data from these zircon grains, we were able to
recognize changes in the elevation of the rifting continental
margin and the continental interior and to identify the
extent of marine transgression onto the continent through
time.
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Fred Fehsenfeld
CIRES Senior Research
Scientist, NOAA Chemical
Sciences Division

The goal of my research is to identify and quantify the
emissions and processes that determine tropospheric
distribution of ozone and aerosols to better understand
how these atmospheric species jointly influence regional
air quality and climate forcing. The research approach uses
measurements of these species through comprehensive,
integrated field studies followed by a systematic analysis
and appraisal of the results. Since 1999, NOAA and CIRES
have jointly undertaken nine integrated field studies, many
under my leadership. These field programs provide informa-
tion concerning the similarity and differences in atmospher-
ic chemistry and composition in the various regions across
the United States and the surrounding regions that impact
our air quality and climate. In 2016, I will assist in the
interpretation and reporting of the data taken during these
studies in order to better understand the atmospheric effects
of chemical emissions on regional and local air quality and
regional and global climate forcing. The immediate aim of
my future research will be on assisting in the development
of a major multi-year NOAA/CIRES field and laboratory
study titled FIREX (Fire Influence on Regional and Global
Environments Experiment). The initial focus of the studies
will be on the western United States with the goal of better
identifying and quantifying the emissions from major forest
fires and the subsequent chemical processing, transforma-
tion, and transport of the emissions. With this information,
we hope to better assess the impact that forest fires have on
regional air quality in the U.S. West and on regional and
global climate forcing.

Graham Feingold
Research Scientist, NOAA
Chemical Sciences Division

Graham Feingold is a research scientist at NOAA’s Earth
System Research Laboratory in Boulder, Colorado. His
interests lie in aerosol-cloud-precipitation interactions and
implications for climate change. His focus is on process
level studies using high resolution models and observations
(aircraft and surface remote sensing) at the cloud scale
(tens of meters to tens of kms). He received his Ph.D. in
Geophysics and Planetary Sciences (summa cum laude) from
the Tel Aviv University in 1989. His research interests in-
clude lidar and radar remote sensing of clouds and aerosol,
modeling and remote sensing of aerosol-cloud interactions
(“indirect effects”), “cloud burning” or the “semi-direct
effect,” and cloud processing of aerosol through multiphase
chemistry. He has authored or co-authored more than 150
peer-reviewed articles on these subjects. Feingold was a lead
author on the IPCC AR5 Chapter 7 (Clouds and Aerosols),
and is an associate editor of the online journal Azmospheric
Chemistry and Physics, a contributor to the Climate Change
Science Program, and a chapter author of the International
Acrosol-Precipitation Scientific Assessment Project. He has
served as a NOAA representative to EarthCare and IGAC
and is currently on the Aerosol-Cloud-Precipitation-Cli-
mate (ACPC) steering committee.



Noah Fierer
Associate Professor of
Ecology and Evolutionary
Biology

Noah Fierer is a microbial ecologist. He studies those
microscopic organisms, namely bacteria and fungi, that are
abundant and ubiquitous in nearly every environment on
Earth, where they are critical to the functioning of ecosys-
tems. Work by his lab group has focused on those micro-
organisms living inside our homes, in soil, on the human
body, and in the atmosphere. His work largely focuses on
exploring the diversity of microbial communities (using
high-throughput DNA sequencing-based approaches),
identifying the fundamental controls on microbial pro-
cesses, and examining the mechanisms by which microor-
ganisms influence human health and the health of ecosys-
tems. As one example of recent work, his lab group has
demonstrated that excessive inputs of nitrogen to terrestrial
ecosystems are contributing to consistent shifts in the com-
position soil microbial communities, shifts that have direct
impacts on soil carbon storage and soil fertility levels. Other
recent work has focused on characterizing the surprisingly
high levels of microbial diversity found inside our homes,
how home characteristics and occupant activities influence
those microbial communities, and the potential effects of
these bacteria and fungi on human health. Lastly, he has
been engaged in a series of studies leveraging recent advanc-
es in DNA sequencing to begin building the first high-res-
olution map of the diversity and abundances of airborne
plant pollens, fungi, and bacteria across the continental
United States.

Timothy J.

Fuller-Rowell

CIRES Senior Research
Scientist, NOAA Space Weather
Prediction Center

At CIRES, as well as studying traditional terrestrial weath-
er, we also study Space Weather, which is how changes in
the space environment surrounding Earth affect things like
satellite communications and GPS navigation and position-
ing. When the Sun is active it can spew out big clouds of
plasma that sometimes strike Earth and drive currents in
the upper atmosphere, which perturb Earth’s magnetic field.
During these “geomagnetic storms,” plasma around us in
the ionosphere can increase by as much as a factor of five,
which together with steep gradients can severely impact
GPS systems, like in your car. Although we know from
measurements the plasma content increases, we are not sure
where and when the increases will occur, and where in the
ionosphere the plasma is created and stored. Scientists at
CIRES are trying to model one of the biggest recent storms
that occurred on St. Patrick’s Day, March 17, 2015. With
a new model of the ionosphere we are now able to capture
these big increases in plasma content. We think a lot of
the plasma is stored at higher altitudes, beyond the reach
of some ground-based instruments measuring the electron
density profile. With the new model we hope to understand
the three-dimensional structure and how it is created and
transported, so we can mitigate the impact on our GPS
system.

R. Michael Hardesty
CIRES Senior Research
Scientist

My current research focuses on use of lidar (laser radar) to
characterize atmospheric dynamical processes. By employ-
ing Doppler lidar techniques, in which laser light reflected
from small atmospheric particles is analyzed to measure the
small wavelength shift caused by motion of the particles,
winds and turbulence at multiple distances can be mea-
sured. We are evaluating the applicability of Doppler lidars
deployed around Indianapolis in conjunction with chemical
observations to characterize greenhouse gas emissions at ur-
ban scales. The lidar observations are processed to estimate
transport and mixing of pollutants for use in models that
compute the emissions from Indianapolis. The goal of this
research is to develop and validate methodologies that can
be deployed at diverse urban locations to establish baselines
for tracking changes in emissions and evaluating mitigation
strategies. We are also investigating space-based Doppler
lidar instrumentation for providing wind measurements on
a global scale to improve medium range weather prediction
and better track atmospheric change on global scales. In
collaboration with Ball Aerospace, a Doppler wind lidar
concept suitable for deployment on the International Space
Station or a free-flying satellite is being tested. A prototype
instrument has been designed and constructed, and will be
flown on a NASA WB-57 research aircraft during mid-
2016 to evaluate and validate performance.

> Wk

CIRES

2016 Annual Report



CIRES Fellows

José-Luis Jiménez
Professor of Chemistry
and Biochemistry

Aerosols are small particles suspended in air, with typical
lifetimes of one to two weeks in the atmosphere before
they are returned to Earth’s surface. They have major
effects on climate forcing, human health, regional visibil-
ity, crops, and ecosystems. About half of the mass of the
longest-lived (“submicron”) aerosols is composed of organic
compounds—i.e., molecules composed of chains of carbon
atoms with other elements such as hydrogen, oxygen, and
nitrogen. Important sources of these organic aerosols (OA)
include anthropogenic pollution (e.g., cars and trucks),
biogenic compounds (emitted from plants and soils), and
biomass burning (e.g., agricultural and wildfires). Gas-phase
chemistry followed by gas-to-particle conversion leading to
secondary organic aerosols (SOA) is a key component of
all those sources. The amount, properties, and evolution of
the OA from each of these sources are poorly characterized,
and our group combines field, laboratory, and modeling
research to better understand and constrain them. Our field
measurements, on ground and aircraft platforms, span from
urban to rural to remote locations within North America,
Europe, South America, and Asia. Our main research tools
include aerosol mass spectrometry, chemical ionization
mass spectrometry, portable oxidation flow reactors, large
atmospheric simulation chambers, and chemical kinetic
models. In addition to application of these tools to a wide
range of atmospheric systems, we are heavily invested in
developing and improving cutting edge instrumentation to
better understand atmospheric chemistry.
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Craig H. Jones
Professor of
Geological Sciences

Craig Jones’s research centers on the evolution of moun-
tain belts, in particular aspects of mountains that are not
obvious from their plate tectonic context. Recently he has
focused on the Sierra Nevada, the Rocky Mountains, and
the High Plains. He and his coauthors published work
suggesting that the reason Denver is the Mile High City is
because of alteration of the lower crust, where water that
rose from subducting ocean floor reacted with garnet in the
lower crust, replacing garnet with lower-density minerals,
thus reducing the density of the lower crust and causing
regional uplift. Ongoing work secks to try and observe
variations in the crust that would test this idea. Work in the
Sierra Nevada seeks to determine how the modern high ele-
vations are supported and how that fits in with a controver-
sial geologic history. Inversion of observed arrivals of shear
waves is being merged in with previously published work
using pressure (P) waves; this has revealed some areas where
deviations from a constant ratio in the speeds of these two
waves is required. Such deviations probably reflect melt in
the upper mantle under the Long Valley volcanic center
and the presence of atypical lithologies in a high wavespeed
body under the southwestern Sierra. This latter anomaly
might represent the old root of the granites of the Sierra in
the process of sinking into the mantle, allowing for uplift of
the Sierra.

Kris Karnauskas
Assistant Professor of
Atmospheric and Oceanic
Sciences

The overarching goal of my research is to understand how
the climate system changes, and the impacts of such chang-
es on humans as well as marine ecosystems. For example,
why does the climate vary from one year to the next, and
how will it respond to more greenhouse gases? A particular
focus is on the dynamics of the tropical ocean and atmo-
sphere as a coupled system, such as El Nifo. The thermal
inertia of the climate system is in the ocean, so understand-
ing the physics of the ocean’s storage and movement of heat
by currents is essential to understanding climate variability.
Ocean circulation also serves as the mediator between
global climate change and localized impacts on marine
ecosystems. “No challenge poses a greater threat to future
generations than climate change,” said President Obama in
his 2015 State of the Union address. “The Pentagon says
that climate change poses immediate risks to our national
security. We should act like it.” To this end, I combine
“big data” (hundreds of global climate model simulations)
as well as observations ranging from satellites to pinpoint
underwater measurements in order to understand the
fundamental dynamics of the climate system along with
a broad range of impacts including marine ecosystems,
tropical cyclones, freshwater resources, wind energy, and
transportation networks.



Jennifer Kay
Assistant Professor of
Atmospheic and Oceanic
Sciences

‘The Kay group works at the nexus of observations and
modeling to understand the processes controlling cli-
mate change and variability. We often focus on cloud and
precipitation processes, and their coupling with the global
circulation. We primarily work in polar regions, though
lately we have been going global! Together with Line
Bourdages (Ph.D. student, McGill University), our recently
accepted Journal of Geophysical Research-Atmospheres paper
evaluates cloud phase in the atmospheric component of a
global coupled climate model using spaceborne lidar obser-
vations. Our scale-aware and definition-aware comparisons
enabled us to motivate improvements to the model clouds,
and to “fix” two long-standing model biases: excessive
absorption of shortwave radiation over the Southern Ocean
and insufficient absorption of shortwave radiation over
the Tropics. Atmospheric and Oceanic Sciences (ATOC)
Ph.D. candidate Ariel Morrison uses spaceborne lidar to
measure the observed cloud response to Arctic sea ice loss.
ATOC Ph.D. candidate Vineel Yettella recently submitted
a paper to Climate Dynamics on precipitation changes in
extratropical cyclones in a warming world, and is now
breaking ground on climate prediction using initial-condi-
tion climate model ensembles. ATOC Ph.D. candidate Bill
Frey researches: “How does “fixing” the Southern Ocean
absorbed shortwave radiation bias impact climate sensitivity
and atmospheric circulation.” Finally, visiting postdoc Cyril
Palerme researches Antarctic precipitation distributions in a
warming world. We have had a busy and productive year.

Wiliam M. Lewis Jr.
CIRES Associate Director,
Professor of Ecology and
Evolutionary Biology

My research deals with limnology, the study of inland
water ecosystems (lakes, streams, rivers, wetlands). Recently,
research in the CIRES Center for Limnology has focused
on food web dynamics as viewed through lakes of the
Rocky Mountain National Park (RMNP). Some of these
lakes have fish and some not. In a study led by Thomas
Detmer, a Ph.D. student, lakes with and without fish were
sampled over three years for fish, invertebrate prey, and
algal food sources of invertebrates. The study showed that
fish are very effective at removing large invertebrates. Thus,
it seems that fish suppress total growth (production) of
invertebrates in lakes, but total invertebrate production in
RMNP lakes is in fact the same in lakes with and without
fish. The invertebrates have a compensatory response to fish
predation. The invertebrate communities affected by fish
show an increase in abundance of smaller organisms, which
grow more rapidly than the larger organisms that they
replace, and thereby stabilize total production of inverte-
brate biomass. Ecological compensation mechanisms such
as this are of interest in estimating the response of commu-
nity functions to environmental change. The work will be
published during 2016 in Limnology and Oceanography
(Predator driven changes in prey size distribution stabilize
secondary production in lacustrine food webs, Thomas
Detmer, James McCutchan, Jr., and William Lewis, Jr.).

Ben Livneh
Assistant Professor of Civil,
Environmental, and
Architectural Engineering

Livneh’s research focus this year has been primarily
focused on quantifying the hydrologic impacts of extremes
and the response of catchments to wildfire and drought in
the western United States. Pertaining to extremes, his group
has investigated the causes for the unprecedented 2011
Missouri Basin flood event in the context of both increasing
decadal variability since the 1970s and projected future
climate changes. The 2012 Great Plains drought occurred
on the heels of the 2011 flood, and brought widespread
impacts to agriculture and the economy. We used sophis-
ticated models of the land surface, meteorological observa-
tions, and remote sensing to better characterize the physics
of these events and to explore potential predictability. These
projects are in collaboration with colleagues at NOAA and
the U.S. Army Corps of Engineers. Other research has
focused on developing comprehensive numerical models of
sediment responses to drought and wildfire on the Front
Range. This latter project is part of an EPA project geared
towards understanding the impacts of drought on water
supply and water quality.
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Peter Molnar
Professor of
Geological Sciences

I continue to work on two general questions: how moun-
tain ranges and high terrain are built and how geologic
processes affect climate on geological time scales. For the
first, Philip England (Oxford University), Craig Jones, and
I explored how mantle dynamics creates high terrain, and
in particular the degree to which flow within the mantle
induces stress that supports high terrain. We concluded that
this general concept, “Dynamic Topography,” is a gross ex-
aggeration. Such flow-induced stress contribute <300 m to
topography, just noise in a place like Tibet, where elevations
are 5000 m. Among studies of the second type, Tim Cronin
(Harvard post-doc) and 1 assessed the possibility that
islands emerging in Indonesia could have affected global
climate. Since 5 million years ago, the areal extend of is-
lands in Indonesia increased by ~60 percent. Islands attract
rainfall, and latent heating associated with condensation of
moisture heats the upper troposphere. Thus the growth of
islands in Indonesia could have heated the overlying upper
troposphere and in doing so, it would have strengthened
atmospheric circulation over the tropical Pacific, transform-
ing Pacific climates from resembling that of El Nifo in the
past to resembling that of La Nina today, with only rare
El Nifio events and facilitating recurring ice ages. Finally,
Oxford University Press published a short book that I wrote
entitled Plate Tectonics: A Very Short Introduction.
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Stephen A. Montzka
NOAA Research Chemist

Research in the Montzka lab revolves around understand-
ing how and why the chemical composition of our atmo-
sphere is changing over time. Chemicals that deplete ozone,
influence climate, or affect air quality are typically the cen-
ter of attention. In 2015, much of the focus was on trace
gases that deplete the ozone layer, but for which emissions
arise naturally or from industrial production not controlled
by an international law tasked with guiding the recovery
of stratospheric ozone. Measurements from the Montzka
lab showed that global concentrations of one particular
chemical (dichloromethane, or CH,CL, used as a cleaning
agent and in chemical manufacturing) not controlled by in-
ternational agreements have increased nearly a factor of two
over the past decade. In so doing, this chemical augmented
ozone-depleting chlorine concentrations notably more than
others that are controlled by international agreements.

2015 also brought progress in quantifying emissions of
trace gases from the United States based on atmospheric
measurements in a fairly high-density sampling network.
One goal of this effort is to understand the U.S. contri-
bution to global atmospheric changes. While preliminary
efforts focused on understanding the source of dichloro-
methane emissions, U.S. emissions of a chemical (HFC-
134a) used as a substitute for ozone depleting substances
in automobile air conditioning, and of a primary ozone
depleting gas (carbon tetrachloride) were derived.

William Neff
CIRES Senior Research
Scientist

My research focuses on the atmospheric boundary layer
(ABL) where the Earth’s atmosphere interacts with its
surface. The stable ABL, where the atmosphere is coldest
near the surface, is most common at night in mid-latitudes
and in the high latitudes throughout the day. Improving
our understanding of the stable ABL in high latitudes is
important as the science community seeks to better forecast
changes in the climate of the poles as the Earth continues
to warm. Currently I am using data from two polar sites,
in Greenland and Antarctica. Recently, results related to
the ICECAPS field program (Integrated Characterization
of Energy, Clouds, Atmospheric state, and Precipitation
at Summit) have focused on the role of atmospheric rivers
in transporting warm, high-moisture air into the Arctic
region. In contrast, the South Pole, at 2835 m above sea
level, is useful to advance fundamental understanding of
stable ABL surface exchange processes because it has no
daily cycle of sunshine and is generally dry and cold. In
addition, ice cores from Antarctica trace past climate back
at least 800,000 years and can allow us to interpret current
climate in a historical context. Nitrate, with biological and
anthropogenic sources, is one signal of great interest in ice
cores in both Antarctica and Greenland. To this end, the
South Pole has been the site for a number of studies related
to boundary layer effects on nitrogen recycling and loss,
prior to its signal being recorded in the ice.



R. Steven Nerem
Professor of Aerospace
Engineering Sciences

Since 1992, a series of satellite altimeter missions
(TOPEX/Poseidon, Jason-1, -2, -3) have precisely measured
the height of the sea surface nearly globally between +66°
latitude. Twenty-three years of measurements now show
us that global average sea level has been increasing at an
average rate of 3.3 mm/year, but with substantial variation
from one year to the next, mostly due to changing rain
patterns during El Nifo and La Nifia events. In 2002, the
twin GRACE (Gravity Recovery and Climate Experiment)
satellites were launched to precisely measure changes in
the Earth’s gravitational field over time. GRACE tells us
how water moves around on the surface of the Earth and
in particular, how much meltwater the glaciers and ice
sheets are contributing to sea level change. Together, these
missions tell us that about a third of the sea level rise is due
to melting of Greenland and Antarctica, about a third to
melting of mountain glaciers, and the remaining third to
the addition of heat to the oceans (which causes the water
to expand its volume). Moving forward, the long-term goal
of this research is to better understand present-day sea level
change so that we can better calibrate models predicting
future sea level change, which is important for coastal
planners and to understand the socioeconomics impacts of
sea level rise.

Judith Perlwitz

CIRES Senior Research
Scientist, Team Lead, Attribution
and Predictability Assessments,
NOAA Physical Sciences
Division

Winter climate and frequency of extreme daily weather
events over large and heavily populated regions of Europe
and North America are strongly affected by the variability
of the North Atlantic Oscillation (NAO). Therefore, the
ability to predict the phase and magnitude of the NAO on

subseasonal to seasonal time scale is of great socicetal benefit.

There is increasing evidence that stratospheric processes
and stratospheric-tropospheric coupling contribute to

an enhanced predictive skill of tropospheric phenomena,
including the El Nino/Southern Oscillation-North Atlantic
Oscillation (ENSO-NAQO) connections on seasonal time
scale. The role of the stratosphere on the predictive skill

on the subseasonal time scale has not been systematically
explored, and the available data and model studies are not
conducive to understanding the responsible processes. In

a new project in collaboration with scientists at NCAR’s
Global Dynamics Division (CGD), we aim to improve

our understanding of the role of the stratosphere on the
predictability of the North Atlantic circulation (NAO)

and related extremes and to quantify to what extend NAO
predictability can be improved by including a well-resolved
stratosphere in a subseasonal modeling framework. In a
collaboration with NASA Goddard Space Flight Center, we
are currently investigating the importance of stratospheric
ozone chemistry-climate interactions on the NAO predict-

ability.

Balaji Rajagopalan
Professor of Civil,
Environmental, and Architectural
Engineering

Competition for freshwater resources is intense as global
populations increase. Two places where this is starkly evident
are the western United States and Indian subcontinent,
where developmental pressures are stressing already limited
water resources, exacerbated by substantial year-to-year and
multi-decadal variability. My research program attempts to
address these problems with three interconnected themes: 1.
Understanding the causes for spatial and temporal variabil-
ity and predictability of the water cycle; 2. Forecasting and
scenario generation tools for water resource management
that incorporate understanding of climatic variability and
change; and 3. Evaluating decision strategies for resources
management—water supply, agriculture, wastewater, etc. In
the western United States, we find that the Colorado River
flows are strongly modulated by Atlantic Multidecadal Oscil-
lation and Pacific Decadal Oscillation at multi-decadal time
scales, besides nonlinear dynamical analysis indicate that the
predictability is regime dependent and varies over time. These
insights motivate stochastic time series flow projection tech-
niques using wavelets and a new paradigm for water resources
management. Analysis of space-time variability of Indian
summer monsoon rainfall indicates sub-seasonal asymmetry
in the El Nifio and La Nifia teleconnections and significant
spatial variability over India, which provokes a new approach
to monsoon forecasting. These findings were used to propose
a new hypothesis based on Pacific teleconnections to explain
Holocene wetness over India. In addition, my research
explores understanding space-time extremes and multivariate
extremes of hydroclimatology, water quality variables, and
construction safety, using Bayesian hierarchical techniques.
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Prashant
Sardeshmukh

CIRES Senior Research
Scientist

‘The probability distributions of climate system variables
are skewed and heavy tailed in a distinctive way. Ignoring
or misrepresenting this can have large implications for
detecting, attributing, and predicting changes in extreme
climate risks using limited observations and imperfect
models. We are developing a new approach to this problem
by exploiting the fact that the observed skewness and heavy
tails are well captured by a general class of so-called Stochas-
tically Generated Skewed distributions (SGS distributions)
that includes Normal distributions as special cases. SGS
distributions are associated with damped linear Markov
processes perturbed by asymmetric stochastic noise, and as
such represent the simplest physically based prototypes of
the observed distributions. The tails of SGS distributions
can also be directly linked to the Generalized Extreme Value
(GEV) and Generalized Pareto (GP) distributions tradition-
ally employed in extreme value analysis. This correspon-
dence provides a simple physical explanation of the shape
of the GEV/GP distributions, and also the fatter-than-ex-
ponential Pareto-like tails of precipitation distributions.
From a practical standpoint, the extreme value distributions
associated with SGS distributions can be more accurately
estimated using all available data in a data record instead
of only the extreme values as in the GEV/GP approach-
es. The associated Markov process model can be used to
provide rigorous confidence intervals, and to investigate the
persistence statistics of extreme events.
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Mark Serreze
Director, National Snow and
|ce Data Center, Professor of
Geography

Mark Serreze’s research primarily covers topics related to
Arctic climate and climate change. One focus is predict-
ability of summertime Arctic sea ice conditions at the
regional scale; this research is driven by recognition that as
the Arctic loses its sea ice cover, it becomes more accessible
to shipping and other activities. Predicting ice conditions
several months out is a difficult problem, in considerable
part because summer weather patterns are highly vari-
able. Understanding this variability in weather patterns
is of long-standing interest to Serreze. For example, with
graduate student Alexander Crawford, Serreze has recently
been looking at how storm activity over the central Arctic
Ocean relates to the summer Arctic Frontal Zone—a band
of pronounced temperature gradients that develops in
preferred areas along the Arctic coastline, related to the
stronger heating of the land surface relative to the ocean.
Related work has examined extreme precipitation events in
the Arctic. An effort published in 2015 focused on events
at Spitsbergen, a high Arctic island. A fascinating finding
is that extreme precipitation events can be linked not just
to the presence of strong storms but to the influence of
atmospheric rivers—narrow corridors of atmospheric water
vapor typically several thousands of kilometers long and
only a few hundreds of kilometers wide that bring moisture
into the Arctic from tropical sources.

Anne F. Sheehan

Professor of Geological
Sciences

Research in the Sheehan group includes a range of geo-
physical investigations related to earthquake and tsunami
hazards, structure of the crust and mantle, and active
tectonics. Sheehan is working with an international team of
collaborators to study earthquake processes of the Hikuran-
gi subduction zone off the east coast of the North Island of
New Zealand. The shallow part of the Hikurangi subduc-
tion zone experiences ‘slow slip’ earthquakes approximately
every 18-24 months, and data from a deployment of ocean
bottom seismometers and absolute pressure gauges is being
used to better characterize the fault slip behavior and phys-
ical processes of the subduction interface. Seafloor pres-
sure data is typically used to measure differences in water
height, such as in the case of a tsunami, but in the Hiku-
rangi experiment was successfully used to measure vertical
deformation of the seafloor. Sheehan used seafloor pressure
measurements to study the Haida Gwaii tsunami offshore
Washington and Oregon, published recently in Seismologi-
cal Research Letters. Sheehan is collaborating with research-
ers at the University of Tokyo to further develop methods
for tsunami forecasts using arrays of seafloor pressure data.
Closer to home, the Sheehan group has several geophysical
investigations in the Rocky Mountain region, including
studies of induced seismicity, a magnetotelluric study to re-
solve electrical conductivity of the crust and mantle beneath
the Rocky Mountains and Great Plains, and an ongoing
GPS study to monitor crustal deformation of the region.



Robert E. Sievers

Professor of Chemistry
and Biochemistry

The researchers in my group and I are interested in
analytical chemistry, pharmaceutical science, aerosols,
microparticles and nanoparticles, inhalable vaccines and
antibiotics, protection against concussions, and supercritical
fluids. We study the simultaneous stabilization, drying, and
micronization of vaccines, antibodies, proteins, antibiotics,
and anti-inflammatory pharmaceuticals and other prod-
ucts of the biotechnology revolution. My team is working
on two of the 14 “Grand Challenges in Global Health”
identified by the Bill and Melinda Gates Foundation and
the National Institutes of Health Foundation as critical to
world health: needle-free administration of vaccines (by
pulmonary sub-lingual or nasal aerosols), and vaccines that
do not need refrigeration for long-term storage. To this end,
I have developed strong collaborations with groups in India.
My team, the Global Health Research Group in CIRES,
has invented new methods for synthesizing, and purifying
novel, beneficial aerosols that treat medical conditions
by delivery of respirable acrosols through the pulmonary
tract. We study the acrosols for their prospective or proven
ability to treat or prevent a variety of maladies such as
infections, stress, pain, concussions, and inflammation. For
example, we are synthesizing and stabilizing live attenuat-
ed virus measles vaccine, and also creating and preserving
amorphous, rather than the usually obtained crystalline,
aspirin, by Bubble Drying solutions of aspirin with carefully
selected modifying excipients by pressurized carbon dioxide
or nitrogen-assisted nebulization (patents granted and
pending).

Kristy Tiampo

Director, CIRES Earth Science
and Observation Center,
Professor of Geological
Sciences

The primary goal of my research is to provide a compre-
hensive understanding of the processes that govern natural
and manmade hazards and, in particular, those that gener-
ate earthquakes, in order to improve estimates of local and
regional seismic hazard. This is accomplished through the
integration of large quantities of remote sensing data such
as space-based Global Navigation Satellite System (GNSS)
measurements, differential Interferometric Synthetic
Aperture Radar (DInSAR), satellite gravity data, and seis-
micity. These big data sets provide critical information on
the nature and magnitude of multiple hazards of interest.
This research program includes developing new methods
aimed at improving both the quality and quantity of that
data, innovative analysis techniques, accurate models of the
underlying physical causes of those hazards, and timely and
appropriate assimilation into various computational mod-
els. Current research projects include studies of earthquakes
triggered by fracking in Colorado, Texas, Oklahoma, and
Alberta, Canada; infrastructure damage caused by ground-
water mining in Seattle, Washington and California; recent
episodes of volcanic unrest at Kilauea, Hawaii; Mt. Etna
and Campi Flegrei, Italy; and the Canary Islands, Spain;
and the use of real-time social media data, such as Twitter,
for rapid hazard mapping and response after large disasters
such as floods or earthquakes.

Margaret Tolbert
Distinguished Professor of
Chemistry and Biochemistry

Research in the Tolbert group is focused on heteroge-
neous atmospheric chemistry, specifically determining the
chemical, physical, and optical properties of atmospheric
particulate. A specific focus of our work is unraveling
how these properties vary with relative humidity and
temperature in the atmosphere. As particles are exposed
to increasing relative humidity, some particles take up
water forming solid hydrate particles or aqueous droplets.
Further increases in relative humidity can result in ice cloud
formation if nucleation conditions are met. In contrast,
decreasing relative humidity results in particle morphologies
and water content that are difficult to predict theoretically,
and must be measured in the laboratory. We develop novel
experimental techniques including Raman microscopy,
optical levitation, and cavity ring down spectroscopy to
probe water content, acrosol phase, and impact on aerosol
optical properties. In addition to fundamental studies of
particles, we are also exploring how atmospheric particulate
water impacts current problems such as stratospheric ozone
depletion, global climate change, urban smog, and visibility
degradation. As well as studies of atmospheric aerosols on
the Earth, we are also probing particles that are present on
other worlds including Titan and Mars.
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Greg Tucker
Professor of
Geological Sciences

When most of us hear the word “flood,” we imagine
things getting wet. What is often less appreciated is that
the most dramatic and costly impacts of flooding are about
erosion and sedimentation: washed out roads and bridges,
sediment-impaired water quality, water-triggered landslides
and debris flows, fields and neighborhoods buried in silt.
Average annual costs related to erosion and sediment man-
agement in the United States have been estimated at over
$10 billion annually. Greg Tucker’s research group works
to understand these and other erosion and sedimentation
processes. They address both short-term processes—those
with direct human impacts—and the ways in which those
processes play out over geologic time to shape landforms
and landscapes. Examples of recent projects include:
documenting soil erosion following wildfire using 3D laser
survey technology; studying the long-term evolution of to-
pography along seismically active mountain fronts in Utah
and central Italy; and assessing the potential for miner-
al-grain luminescence to provide a new source of infor-
mation about sediment transport in rivers. The group also
leads the Landlab project (http://landlab.github.io), which
provides an open-source software library for efficiently
building and combining computational models in the earth
and environmental sciences.
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Veronica Vaida
Professor of Chemistry
and Biochemistry

Our program explores water and sunlight-mediated pro-
cesses in planetary atmospheres including the contemporary
and prebiotic Earth to provide new inputs for models of
planetary atmospheric chemistry and climate. With tools
and concepts of physical chemistry, we investigate the
possibility of harnessing solar radiation and converting it to
usable chemical energy. Using solar simulators in laboratory
studies, our group has been exploring the importance of
water and the environment to the photochemistry of organ-
ic species involved in isoprene oxidation. A specific example
studied in the last year is pyruvic acid, a small organic
molecule found in the atmosphere in both the gas and the
aqueous phases. Sunlight driven chemistry of pyruvic acid
in water generates complex organic molecules and molec-
ular aggregates, building complexity in the environment.
We have scaled the fundamental experimental laboratory
results with pyruvic acid to realistic atmospheric conditions
by using environmental chamber studies. Specifically we
are using the simulation chamber CESAM at the Université
Paris—Est Créteil Val de Marne (UPEC) in collaboration
with Professor Jean-Francois Doussin. By combining these
laboratory and chamber studies we hope to connect our un-
derstanding of the photolysis of pyruvic acid to mechanisms
for aerosol nucleation and growth. The sunlight driven
chemistry has been extended to other similar compounds
found at the sea surface, in sea spray, and on atmospheric
aerosols.

Rainer Volkamer
Associate Professor of
Chemistry and Biochemistry

Rainer Volkamer is an Associate Professor in Chemistry.
His research informs air quality and climate discussions. He
teaches Instrumental Analysis at the undergraduate level,
and Atmospheric Optical Spectroscopy at the graduate
level. His research group designs optical spectroscopic in-
struments to conduct in-situ and remote sensing field mea-
surements of atmospheric trace gases, radicals, and aerosol
optical properties from ground, ships and aircraft, and
studies multiphase chemistry of acrosols in the laboratory.
His group is part of the CIRES Energy Initiative. Recent-
ly, Prof. Volkamer was awarded the Karlsruhe Institute of
Technology Distinguished International Scholar award. In
2015, his group demonstrated the first vertical profile mea-
surements of bromine oxide (BrO) and iodine oxide (IO)
radicals in the tropical troposphere (Volkamer et al., 2015;
Wang et al., 2015). These measurements show that tropo-
spheric halogen chemistry has a larger capacity to destroy
ozone (O,) and oxidize atmospheric mercury than previ-
ously recognized. Halogen chemistry is currently missing in
most global and climate models, and helps explain the low
O, levels in preindustrial times. Public health concerns arise
from bioaccumulation of the neurotoxin mercury in fish.
Bromine chemistry in the free troposphere oxidizes mercury
at a faster rate, and makes water-soluble mercury available
for scavenging by thunderstorms. These novel findings
illustrate the global interconnectedness between energy
choices affecting mercury emissions in developing nations
and mercury deposition in, for example in Nevada, or the
southeastern United States.



Carol A. Wessman
Professor of Ecology

and Ecology and
Evolutionary Biology

With projected increases in frequency and extent of forest
disturbances in the western United States, opportunities for
disturbances to overlap and interact will increase substan-
tially and in ways that are unprecedented and, very likely,
unpredictable. As part of the University of Colorado’s
Earth Lab, over the next years we seek to determine factors
driving the broad-scale structure and pattern of dieback of
Colorado forests. Key to understanding the impact of wide-
spread tree mortality in Colorado landscapes is teasing apart
the overlap and interactions between the disturbances com-
mon to these ecosystems: insect infestations, wind, and fire.
‘This is particularly important in the context of drought and
projected climate change, which may influence successful
regeneration patterns and related ecosystem services such
as carbon storage, forest habitat, and water resources. Data
from Unmanned Aircraft Systems (UAS) could provide crit-
ical information needed to link smaller-scale stand structure
(e.g. tree densities, live/dead) and processes (regeneration
success, soil moisture) to ecosystem dynamics at landscape
scales. We propose to connect UAS data collected from
overflights in western Boulder County with tree inventory
and canopy health data collected near the Niwot Ridge
Long-Term Ecological Research station. Subsequently, UAS
analyses will inform our proposed integration of satel-
lite-based and other aerial-flight information on multiple
disturbances such as beetle-kill and fire, existing survey
data on regeneration densities, and in situ data on past and
current climate.

Paul Ziemann
Professor of Chemistry
and Biochemistry

In the past year research, the Ziemann group has primarily
investigated the chemistry involved in the formation of
secondary organic aerosol particles in the atmosphere. These
microscopic particles are formed when volatile organic
compounds that are emitted by vegetation, vehicles, and
industry are oxidized in the atmosphere to less volatile
products, which can condense into particulate matter. At-
mospheric particulate matter has important environmental
effects, influencing visibility, climate, and human health.
Laboratory studies were conducted under simulated atmo-
spheric conditions to identify the products of oxidation
reactions, especially those that form particles, in order to
develop models for predicting atmospheric oxidation and
aerosol formation processes. In addition, collaborative stud-
ies investigated the potential role of these particles in cloud
formation and sought to determine how mixtures of emis-
sions from urban areas and forests react to form secondary
organic aerosol in the southeastern United States. Finally,
in a new project being conducted with the Jiménez group,
research methods that have previously been used for studies
of outdoor air have been applied to studies of indoor air.
These studies have identified sources of volatile organic
compounds in a University of Colorado Boulder classroom
and determined the influence of ventilation, wall chemistry,
and emissions from human breath and skin oxidation on
the composition of indoor air.
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Center for Limnology

‘The Center for Limnology conducts field and laboratory
studies of aquatic ecosystems in Colorado. The studies
fall into several categories: biogeochemical (e.g., nutrient
cycling), bioenergetics (e.g., photosynthesis, growth rates
of consumer communities), and ecosystem structure (e.g.,
biodiversity, physical and chemical constraints on ecosystem
processes). During 2015-2016, the greatest activity for the
Center was finalization of a four-year study of foodweb

Trophic Cascade Theory

Top predators: Level 4
(Piscivorous fish)

Diagram of Carpenter and colleagues’
trophic cascade theory and observations by
Tommy Detmer that contradict Carpenter’s
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Observations Contradict Theory

characteristics in lakes of Rocky Mountain National Park.
The park makes a good setting for comparative studies
because it offers lakes that have foodwebs containing fish
and lakes without fish.

Our principal interest for 2015 was analysis of trophic
cascades. Professor Steven Carpenter and colleagues at the
University of Wisconsin invented and defined the term
“trophic cascades” in the 1980s. They pointed out that the
abundance of organisms in
the top trophic level (feeding
level) of a food chain create
an inverse relationship with
the abundance of the level
below, upon which they feed.
These relationships cascade to
the bottom of the food chain
(plants). Because of the inverse
relationships passed through
the food chain it is possible,
they argued, to control the
characteristics of the first level
in the food chain (plants) by
manipulating the top level in
the food chain (top predators),
so that plants are suppressed
by aggressive grazing of animal
populations that feed on them
(see figure at left).

Applied to lakes, the trophic
cascade predicts that a food
chain with four trophic levels
will show piscivorous fish at the
top, invertivorous fish second,
invertebrate grazers third, and
algae on the bottom. Carpen-
ter and colleagues argued that
a food chain of this type, if

strongly reinforced with pisciv-

Abundance high,
sizes smaller

Abundance low,
strong grazing

orous fish at the top, will show suppression of algae because
invertivorous fish are held in check by piscivorous fish, which
means that the invertebrates become abundant and consume
the algae. They recommended implementation of this prin-
ciple for management purposes to counteract a worldwide
nuisance, which is excessive abundance of algal populations
in lakes in response to nutrient enrichment by humans.

Studies headed by graduate student Tommy Detmer
(photo at right) in Rocky Mountain National Park showed
that lakes with fish suppress invertebrate biomass because
fish remove invertebrate biomass through predation, and
they preferentially consume the largest of invertebrates. This
outcome is as predicted by Carpenter and colleagues. He
also showed, however, that the abundance of algae (phyto-
plankton) in these lakes is not significantly affected by the
presence or absence of fish, which is contrary to the trophic
cascade theory. Others have also shown that the trophic
cascade mechanism does not work as expected in many
cases, for reasons unknown. Detmer, however, was able to
show why. Because fish are size selective, and feed on the
largest invertebrates, they change the invertebrate commu-
nity from a mixture of large and small invertebrates to a
community consisting entirely of small invertebrates. These
small invertebrates, which are no longer in competition
with larger invertebrates, become more abundant than they
were in the presence of larger invertebrates. Small inverte-
brates also grow faster than large invertebrates. Therefore, a
shift to abundant small invertebrates in the presence of fish
is a compensatory response in terms of invertebrate com-
munity growth rate because a community with only small
organisms produces just as much biomass per unit time as
a community with both small and large organisms, even
though the trophic cascade concept would suggest other-
wise. Detmer has shown that nature contrives to disrupt the
trophic cascade by mechanisms that were unexpected when
the trophic cascade concept was introduced. Using trophic
cascades to achieve human purposes will be more compli-
cated than it seemed at first.



Tommy Detmer sampling a lake in Rocky Mountain
National Park. Photo: Morgan Heim/CIRES
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Center for Science and Technology Policy Research

The Center for Science and Technology Policy Research
(CSTPR) was established within CIRES in 2001 as a re-
sponse to an increase in problem-focused research at the in-
terfaces of environment, technology, and policy, and to the
growing demand by public and private decision makers for
“usable” scientific information. We work to improve how
science and technology policies and politics address societal
needs. One of our goals is enlarging the range of choice
considered by policy-makers, by analyzing options in areas
such as energy technology, carbon management, science
investments, and public lands and ecosystems management.

Highlights

* CIRES Fellow Max Boykoff assumed the directorship
of CSTPR in March 2016 after Roger Pielke, Jr.’s term
ended. Max joined the University of Colorado faculty (and
CIRES) in the fall of 2009. His research focuses on the
cultural politics of climate change and the transformation
of carbon-based economies.

e CSTPR’s Katie Dickinson (also UCAR) was awarded a
three-year, $456,282 grant from the National Science
Foundation (NSF) for the CU Boulder portion of a project
titled “Prices, Peers, and Perceptions: Field Experiments
on Technology Adoption in the Context of Improved
Cookstoves.” CSTPR’s Deserai Crow (CU Boulder
Environmental Studies Program) was awarded a three-
year, $216,344 NSF grant for the CU Boulder portion
of a project titled “Community Recovery and Colorado’s
Extreme Floods of 2013: Policy Learning in the Context of
Resources, Coalitions, and Political Conditions.” CIRES
Fellow Lisa Dilling led a successtul five-year, $4,084,818
renewal of the Western Water Assessment project from
the NOAA Regional Integrated Sciences and Assessments
(RISA) program. Lisa was also part of a successful NOAA
Sectoral Applications Research Program grant proposal,
“Advancing the Use of Drought Early Warning Systems
in the Upper Colorado River Basin.” CSTPR’s Media and
Climate Change Observatory (MeCCO) was awarded a
grant from the Center to Advance Research and Teaching
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in the Social Sciences to continue its work monitoring
media coverage of climate change around the world.
CSTPR core faculty published in Nazure Climate Change,
Public Understanding of Science, Water Resources Research,
Environment and Planning C: Government and Policy,
Review of Policy Research, and more.

“Information, Resources, and Management Priorities:
Agency Outreach and Mitigation of Wildfire Risk in the
Western United States,” by CSTPR’s Deserai A. Crow et
al., was awarded the Charles Redd Award for Best Paper
on the Politics of the American West. “Learning Processes,
Public and Stakeholder
Engagement: Analyzing
Responses to Colorado’s
Extreme Flood Events

0f 20137, by Elizabeth

A. Albright and CST-
PR’s Deserai A. Crow,
was awarded the 2015
Sabatier Award for Best
Conference Paper in
Science, Technology, and
Environmental Politics.
Lisa Dilling and Christine
Kirchhoffs paper, “The
Role of U.S. States in
Facilitating Effective
Water Governance under
Stress and Change,” was
highlighted in the April
2016 edition of EOS.
CIRES Fellow Max
Boykoff spoke at a side
event at the 21st annual
Conference of Parties
(COP21) in Paris where
participants negotiated an
international agreement
on climate change. Max

wrote an article for Climate Matters, “Do the mainstream
media tell the full story? A critical account of coverage

at COP21,” and blogged about the conference. Max

and CSTPR graduate student Marilyn Averill were both
interviewed about the conference for CIRES News. CIRES
Fellow Lisa Dilling was interviewed by KGNU Radio for
a show titled “Beyond COP21 Paris: Climate Science &
Policy.”

CSTPR core faculty delivered public lectures around the
world on various science, technology and policy research
topics. These included a keynote talk at the “Comuni-

New CSTPR Director Max Boykoff. Photo: David Oonk/CIRES



cacién de la ciencia del cambio climético: oportunidades y
retos” meeting at the Basque Center for Climate Change
(Max Boykofl); The Royal Society of New Zealand (Max
Boykof); the University of Hamburg (Max Boykoff); the
Institute for Research Information and Quality Assur-
ance, Berlin (Roger Piclke, Jr.); the keynote address at the
Senator George J. Mitchell Lecture On Sustainability,
University of Maine (Roger Pielke, Jr.); the American Po-
litical Science Association Annual Meeting, San Francisco
(Deserai Crow); the American Meteorological Society
Annual Meeting, Phoenix (Lisa Dilling); and the TU-Delft
Philosophy Colloquium series, Delft, Netherlands (Steve
Vanderheiden), among many others.

As part of the project “Inside the Greenhouse,” CIRES
Fellow Max Boykoff taught “Creative Climate Com-
munications” in which students worked to deepen their
understanding of how issues associated with climate
change are/could be communicated creatively, by analyzing
previously created expressions from a variety of media and
then by creating new artifacts and compositions. http://
insidethegreenhouse.org/projects

‘The Center organized the third campus-wide competition
to select two CU Boulder students to attend the American
Association for the Advancement of Science “Catalyzing
Advocacy in Science and Engineering” workshop in Wash-
ington, D.C. The 2016 winners, Sarah Welsh-Huggins, a
Ph.D. candidate in Civil, Environmental, and Architectur-
al Engineering and Angela Boag, a Ph.D. candidate in the
Environmental Studies program, met with Colorado Sena-
tors Michael Bennet and Cory Gardner after the workshop
to discuss the policy implications of their research. The
competition is supported by the CU- Boulder Graduate
School and Center for STEM Learning.

‘The Center hosted a sabbatical visit by Jan Marco Muller,
a policy officer for international relations in the European
Commission’s Joint Research Centre.

CSTPR graduate students Marisa McNatt received a Bev-
erly Sears Graduate Research Grang; Juhi Huda and Lucy

We work to improve how science and technology policies
and politics address societal needs.

AAAS CASE competition winners Sarah Welsh-Huggins and Angela Boag meet with
Colorado Senator Cory Gardner in Washington, D.C. Photo: Heather Bené/CU Boulder

McAllister were awarded CARTSS grants; John Berggren
received a CIRES Graduate Student Research Award; and
Elizabeth Koebele was awarded a Horowitz Foundation for
Social Policy Grant.

2016 Annual Report %AES 29


http://insidethegreenhouse.org/projects
http://insidethegreenhouse.org/projects

CIRES Centers

Farth Science and Observation Center

Earth Science and Observation Center (ESOC) provides
a focus for the development and application of novel
remote-sensing techniques for all aspects of Earth sciences
at CU Boulder. Our aim is to study natural and anthropo-
genic processes on all scales, from technique development
in small test sites to understanding problems and patterns
on regional and global scales. A long-term goal of ESOC
research is to advance our understanding of the Earth sys-
tem and its interactions with human society and activities
through remote sensing observations.

Cryospheric Research
During 2015, our cryospheric research continued to focus
on understanding the physical processes of glacier and ice-
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Meltpond and crevasses on the Greenland ice sheet. Photo courtesy of James Balog/

James Balog Photography
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sheet surfaces. This research included: Quantifying the vol-
ume and drainage of supraglacial lakes in Greenland, which
have significant implications for ice flow rates; determining
the characteristics of firn compaction and surface meltwater
percolation to interpret satellite and airborne altimetry data;
and characterizing the distribution and evolution of crevass-
es on the Greenland ice sheet near the margins using visible
imagery and lidar surface return signals. These surface and
dynamic features, and our ability to observe them from
space, provide important insights into how glaciers and ice
sheets are contributing to sea level rise.

Vegetation and Ecosystem Studies
We have been studying potential vulnerabilities of forest

ecosystems and their carbon stocks to multiple disturbanc-
es and their interactions, with a focus on the resilience

of carbon stocks and coniferous forest to catastrophic
disturbances and climate change. We modeled the recovery
and growth of trees under a changing climate (using IPCC
scenarios), and demonstrated that under various warming
scenarios, forests were unable to survive, even with a mitiga-
tive management strategy.

Oceanographic Studies

The tropical ocean absorbs, stores and transports vast
quantities of heat input from the sun. The dynamics and
thermodynamics of atmosphere-ocean interactions in the
tropical Indian and western Pacific Ocean basins drive
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local, regional, and global weather and climate phenomena
including monsoons, tropical storms and cyclones, atmo-
spheric rivers, the Madden Julian Oscillation (MJO), and
the El Nifio Southern Oscillation (ENSO) warm events.
The building blocks for each of these phenomena are orga-
nized populations of atmospheric deep-convection events
called mesoscale convective systems (MCS). Ralph Milliff
and collaborators have been exploring the extent to which
existing datasets from several Earth-observing satellite
systems can resolve MCS life-cycle stages on their natural
timescales. The initial focus is on the population of MCS in
the tropical Indian and western Pacific Ocean basins during
the active phase of an MJO event December 2014 - Janu-
ary 2015. Several animations of individual and combined
satellite datasets for this event demonstrate the multi-scale
implications of MCS and the ensemble of MCS evolving
on hourly timescales (see cires.colorado.edu/esoc/media).

Polar Climate Change and Variability

Arctic sea ice loss is one of the most visible manifestations
of climate change. Yet, if cloud cover increases in the wake
of sea ice loss, the canonical positive surface albedo feedback
has no impact. Are we replacing one bright surface (sea ice)
with another (clouds)? Data from active remote sensing
instruments such as the spaceborne radar CloudSat and
lidar CALIPSO are key to answering this, and other pressing
high-latitude science questions. Surface-blind spaceborne
radar and lidar data are truly ground-breaking and enable
us to better understand the cloud response to, and influence
on, the future of ice in a way that passive satellite observa-
tions and ground-based observations cannot. CloudSat is a
cloud radar, but in Polar Regions also measures precipitation
throughout most of the atmospheric column (minus the 1
km above the surface affected by ground clutter). CALIPSO
provides previously unknown information about cloud phase,
cloud vertical structure, and also near-surface snow in Polar
Regions. The cloud phase information is especially important
because liquid-containing clouds have a dominant influence
on polar surface energy budgets. With simulators, the Kay

‘ Arctic sea ice l0ss is one of the most visible manifestations

of climate change.
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Hydrological
Research

Hydrological research was
conducted in collaboration
with scientists at NOAA,
exploring the fundamental
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physics of drought on the
central U.S. Great Plains
using satellite remote sens-
ing data and an ensemble
of land surface model
(LSM) experiments. The analysis quantified the contribution
of precipitation versus temperature in the 2012 Great Plains
drought, and identified the unique signatures of different
categories of drought, exploring the relationship between
radiation, surface heat fluxes, and antecedent moisture across
a broad range of droughts in this region. Other research
funded by the U.S. Environmental Protection Agency (EPA)
focused on understanding the response of land-cover and
water quality to drought in partnership with colleagues in
Environmental Engineering, the Water Research Foundation,
and a number of water utilities across the country. This proj-
ect involved developing a sophisticated suspended sediment
transport model constrained by in situ and remotely sensed
observations, capable of testing multiple hypotheses of sedi-
ment delivery as they respond to projected future climate and

drought risks.

cated in parenthesis.

Global maps of CALIPSO cloud cover (units %): (a) observed total, (b) observed liquid, (c)
observed ice, (d) CAMS total, (e) CAMS liquid, and (f) CAMS5 ice. Global mean values are indi-

Hazards Studies

This research secks to provide a comprehensive understand-
ing of the processes that govern natural and anthropogenic
hazards. Studies focus on the integration of large quantities of
remote sensing data such as space-based Global Positioning
System (GPS) data, differential interferometric synthetic
aperture radar (DInSAR), seismicity, and gravity, in order
provide critical information on the nature and scale of these
hazards. Specific projects focus on improvements in the
nature and quantity of that data, development of innovative
analysis techniques, and appropriate assimilation into various
geophysical models of the underlying processes. In partner-
ship with colleagues from around CU and at other institu-
tions, ESOC researchers are investigating the implications
and consequences of hazards such as groundwater extraction,
volcanic unrest, and induced seismicity on infrastructure and
society.
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National Snow and Ice Data Center

The mission of the National Snow and Ice Data Center
(NSIDC) is to improve our understanding of Earth’s cryo-
sphere, including sea ice, lake ice, glaciers, ice sheets, snow
cover, and frozen ground. NSIDC manages, distributes, and
stewards cryospheric and related data from Earth-orbiting
satellites, aircraft, and surface observations, from NASA,
NOAA, and the National Science Foundation. NSIDC also
facilitates the collection, preservation, exchange, and use
of local Arctic knowledge and observations, and conducts
research into the changing cryosphere. Selected highlights
from June 1, 2015, to May 31, 2016, follow.

NASA Operation IceBridge surveys Thwaites Glacier in
West Antarctica. Photo: Jim Yungel/NASA
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A sharper view of the ice edge

NSIDC researchers and colleagues have developed
improved sea ice edge forecasts in the Arctic. Although
harsh weather and sea conditions keep most commercial
ships out of the region, some ships are able to navigate near
the ice edge. The U.S. Navy had been able to forecast ice
conditions six hours out, with a spatial resolution of 25
kilometers. Researchers at NSIDC, NASA, and the NOAA
National Ice Center blended data with a 10-kilometer reso-
lution from the Advanced Microwave Scanning Radiometer
2 on Japan's GCOM-W!1 satellite, with a sea ice mask called
MASIE (Multisensor Analyzed Sea Ice Extent, https://nsidc.
org/data/masie/), developed at NSIDC. The resulting data-
set can capture small patches of sea ice a few miles across.
The Navy has used the blended product to provide sea ice
edge forecasts at a sharper 2-kilometer resolution since July
2015. The researchers found a 40 percent improvement
in accuracy all year round. The scientists detailed the new
method in 7he Cryosphere (doi:10.5194/tc-9-1735-2015,
2015). The blended dataset is updated daily and is available
from NSIDC (doi: 10.7265/N5ZS2TFT).

Runaway glaciers

NSIDC Lead Scientist Ted Scambos and colleague pub-
lished a briefing (http://dx.doi.org/10.1680/feng.14.00014)
discussing Antarctic mass loss and future sea level rise, in-
cluding the potential demise of Thwaites Glacier. Although
the Amundsen Sea glaciers make up only a fraction of the
whole West Antarctic Ice Sheet (WAIS), the region contains
enough ice to raise global sea levels by 1.2 meters (4 feet).
Thwaites Glacier is thought to be particularly vulnerable to
a runaway, when a glacier lifts off the continent and slides
into the ocean. Extensive sections of Antarctic bedrock drop
up to a mile and a half below sea level. Warming waters
grind away at the ice along its grounding lines, where ice
flows off the continent and begins to float. Warmer tem-
peratures in the ocean’s middle layers and shifting winds are
driving warm water onto the continental shelf. The warm
water pulses weaken the ice shelves from underneath. While

multiyear ice in the Arctic Ocean to get research-
o remote sites. The ICESCAPE mission, or “Impacts
f Climate on Ecosystems and Chemistry of the Arctic
Pacific Environment,” was a NASA shipborne investiga-
tion that took place in the Beaufort and Chukchi seas in
summer 2010 and 2011. Photo: Kathryn Hansen/NASA

2y

it will take centuries for the gigantic Thwaites ice mass to
melt away, the formation of ice cliffs could accelerate its
demise, possibly in as little as 50 to 100 years. Thwaites is
only one element of suspense surrounding ice decline in the
WAIS, where mass loss increased by 75 percent from 1996
to 2006.

NSIDC DAAC releases soil moisture data

Only about 1 percent of Earth’s water moistens the soil.
‘This small amount, however, plays a large role in crops,
flooding, cloud formation, and weather. On January 31,
2015, NASA launched the Soil Moisture Active Pas-
sive (SMAP) observatory to produce global maps of soil
moisture. In August 2015, the NASA NSIDC Distributed
Active Archive Center began distributing SMAP radiometer
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https://nsidc.org/data/masie/

data from March 31, 2015 to present, including brightness,
temperature, and soil moisture data, updated in near real
time. NSIDC was chosen for the SMAP mission because of
previous success with soil moisture data from the Advanced
Microwave Scanning Radiometer—EOS instrument.
(hetp://nsidc.org/data/smap)

Grounding line

Previous profile
of ice sheet

Ice front
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Surface soil moisture in the Southeastern United States
as retrieved from NASA’s Soil Moisture Active Passive
satellite observatory at around 6 a.m. on Oct. 5, 2015.
Regions in blue indicate areas with saturated soil condi-
tions and possible standing water. Large parts of South
Carolina appear blue, representing the impact of heavy
localized rains and flooding. Large-scale flooding was
experienced all over South Carolina on Oct. 5-6, 2015.
Image: NASA

Receding
Previous edge
of ice shell

Iceberg

<4 When bedrock slopes inward toward the
continent, warm, deep ocean water can
flow downward under the ice shelf, chew-
ing away at the grounding line. Melting
can be as much as 20 to 50 meters of ice
thickness each year. As the glacier’s base
recedes, the brakes holding the continental
ice ease up and the glaciers feeding the ice
shelf accelerate, and thus further thin and
recede the ice sheet. lllustration: NSIDC
and NASA
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Western Water Assessment

Western Water Assessment (WWA) is one of 10
NOAA-funded Regional Integrated Sciences and As-
sessments (RISA) programs across the country, covering
Colorado, Utah, and Wyoming. The WWA team conducts
innovative research in partnership with decision makers in
the Rocky Mountain West, helping them make the best use
of science to manage for climate impacts. By keeping the
needs of decision-makers front and center in designing and
conducting research, WWA generates usable and actionable
research results and information products.

In FY16, WWA was renewed for another 5-year grant
by the NOAA Climate Program Office and will focus their
work on three overarching themes for the next several years:

1. Climate Vulnerability and Adaptive Capacity in the

WWA Region
2. Extremes and Climate Risk Management
3. Designing Organizations and Networks for Usable Science
Most projects within these themes are being conducted
in collaboration with stakeholders, and cutting across all
projects are significant outreach and communication efforts.
A sampling of noteworthy results in the past year are high-

lighted below.

Snowpack Monitoring for Streamflow Forecast-
ing and Drought Planning Workshops

WWA and its partners convened three one-day work-
shops in late summer 2015 focused on improving the
usability of snowpack monitoring information for runoff
forecasting, drought early warning and planning, and other
applications. The workshops were held in Broomfield,
Colorado, West Jordan, Utah, and Lander, Wyoming, and
were each attended by 50-75 water managers, forecasters,
researchers, and others who rely on snow-monitoring
products and runoff forecasts. WWA's partners in this effort
included the National Integrated Drought Information
System, the NOAA Colorado Basin River Forecast Center,
the Natural Resources Conservation Service Snow Survey,
the Colorado Water Conservation Board, and the Wyoming
State Engineer’s Office. The workshops were successful in
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bringing water managers and other stake-
holders into conversations with researchers
and operational providers to improve
snowpack monitoring. In post-workshop
evaluations, nearly all participants reported
gains in their understanding of snow
hydrology and monitoring, and improved
awareness of existing and emerging moni-
toring products.

Extreme Events Roster

WWA developed an online database of
historical high-impact weather and climate
events—encompassing floods, winter
storms, hailstorms, tornadoes, windstorms,
cold waves, droughts, wildfires, and land-
slides—for our three-state region of Col-
orado, Utah, and Wyoming. The database
contains nearly 200 major events, searchable
by key characteristics, with descriptions of
the events and links to online sources. In a

complementary effort, WWA also generated
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maps of the county-level historical risk of

the different weather and climate event types Number of hail storms in June in Colorado, Utah, and Wyoming by county,

in our region, using the much larger NOAA from 1955 - 2014,

Storm Events Database, which captures

about 20,000 events. WWA is now working

with the hazard-planning and emergency-re-

sponse communities to refine these products and spread the
word about them.

Upper Colorado River Basin Drought Early
Warning System Evaluation

WWA completed an evaluation of the Upper Colora-
do River Basin Drought Early Warning System (UCRB
DEWS), which is part of the National Integrated Drought
Information System (NIDIS) and is operated out of the

Colorado Climate Center at Colorado State University.
The UCRB DEWS was the first of nine DEWS across the

United States, and is based around regular webinars and

a website that communicate drought conditions to water
managers, agricultural producers, and other decision-mak-
ers. WWA's evaluation assessed whether the UCRB DEWS
is meeting NIDIS’ goals for the DEWS and improving
drought preparedness in the Upper Colorado River Basin.
The evaluation report describes several areas where the
UCRB DEWS is succeeding and recommends steps that
could be taken to improve its effectiveness. WWA’s eval-
uation is currently being used to inform NIDIS strategic
planning across all of the DEWS.




Energy balance tower in the Senator Beck Basin in southern
Colorado, winter 2014. Photo: Emily Baker/CU Boulder
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Institutional Programs & Teams

CIRES Education and Outreach

The CIRES Education and Outreach group works across
the spectrum of geosciences education, including teach-
er professional development, digital learning resources,
student programs, and program evaluation. This year, the
CIRES Education and Outreach group developed new
capacity to support students’ spatial reasoning skills, reach
community college faculty and students, help students
communicate about environmental change, and more.

Some example projects are described below.

Climate Education

CIRES climate education strives to meet educator needs
for current, data-driven, and accurate climate science learn-
ing opportunities.

Students will make videos about local climate impacts

A student snapshot of
graffiti, taken above a

hill in Tsaile, Arizona,
featured in the Tribe’s Eye
photography exhibit.
Photo: Kyle Sorrell
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through the Lens on Climate Change project, with the
support of science researchers, graduate students, and film
students.

The CIRES Education and Outreach group was honored
to be included as part of a White House Climate Education
and Literacy effort to support climate science instruction on
Climate.gov.

The Tribe’s Eye photography exhibit, photography by Na-
tive students showing environmental change on tribal lands,
was shown at the American Indian Science and Engineering
Society (AISES) annual meeting and in federal building
lobbies in Washington D.C. and Oklahoma.

The CLEAN collection (cleanet.org) is a peer-reviewed
digital repository of climate and energy learning resources
and is syndicated through NOAA’s Climate.gov. This year,

the collection of 650 resources was aligned with the new
Next Generation Science Standards.

Undergraduate Education

A CIRES Education and Outreach group member
received a Chancellor’s Award for Excellence in STEM
Education, including funding to study undergraduate stu-
dents’ spatial reasoning skills. Because spatial reasoning is a
threshold skill to become a geoscientist, teaching these skills
supports career aspirations. This study was further support-
ed by an award to compare the experiences and skills of
American and German students.

Two projects reached Colorado community college facul-
ty and students. The Research Experiences for Community
College Students (RECCS) project supports community
college students in conducting research at CIRES, NOAA,
and in partnership with the Boulder Critical Zone Ob-
servatory. Building on our relationships with community
college faculty, the “Colorado’s Changing Energy Portfolio”
workshop reached faculty throughout Colorado.

Broader Impacts

In collaboration with CIRES and University of Colorado
scientists, CIRES Education and Outreach provides pro-
gramming to increase public scientific understanding and
to broaden participation in geosciences. The Mysterious
Microbes series, in collaboration with the Fierer Research
Group, introduced the public to modern microbiology
through a webinar series and workshop. Three webinars
introduced modern microbiological research methods,
described the use of microbes in compost tea for organic
management of the University of Colorado Boulder turf,
and shared results of a national study of microbes in the
home. A two-day workshop on soil microbiology reached
pre-college and college educators, business owners, farmers
and gardeners, and representatives from local agencies and
food organizations.



Program and Project Evaluation

Through NOAA requests, CIRES Education and Out-
reach completed an evaluation study of the Climate.gov
web portal and began a study to inform the new National
Integrated Drought Information System (NIDIS) portal,
Drought.gov. Surveys, usability studies, and web analytics
focus on the extent to which audiences perceive that they

CIRES climate education strives to meet educator needs for
current, data-driven, and accurate climate science learning
opportunities.

have a relationship with the Drought.gov team, are aware
of the services, and find the project trustworthy, usable and
satisfying. These metrics, known collectively as Quality of
Relationship, are based on elements of customer satisfaction
and are a measure of performance excellence.

Students from the Liberty Common High School A-Team
compete at the Trout Bowl, the annual regional compe-
tition of the National Ocean Sciences Bowl. The Liberty
Common A-Team went on to win the Trout Bowl and
placed 4th in the National Competition! Photo: Robin L.
Strelow/CIRES

The 2016 Research Experience for Community College Students program, coordinated by the CIRES Education and
Outreach program, is hosting ten student researchers from six community colleges across Colorado this summer. The
RECCS student researchers participating in this 9-week long, NSF-funded research program are based at a variety of
research locations including CU Boulder, the Boulder Creek Critical Zone Observatory field sites, and NOAA. Photo:
David Oonk/CIRES
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Visiting Fellows

With partial sponsorship by NOAA, CIRES offers
Visiting s at the University of Colorado Boulder. Every year,
CIRES awards several s to visiting scientists at two levels,
postdoctoral and senior. These s promote collaborative
and cutting-edge research. Since 1967, 325 people have
been Visiting Fellows at CIRES, including former CIRES
Directors Susan Avery and Konrad Steffen.
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Paul Carini

Postdoctoral Fellow

Ph.D., Oregon State University
Project: Seasonality in mineral
weathering populations of soil
microbes

Sponsor: Noah Fierer

The availability of soil nutrients is a key control on
plant productivity and rates of ecosystem-level processes,
including those processes associated with terrestrial carbon
storage. However, in their native rock and mineral forms,
many nutrients are biologically unavailable and need to be
weathered (dissolved) in order to be assimilated by plants,
animals and microbes. While the weathering processes
aboveground and in surface soils have been relatively well
studied, far less is known about the factors that constrain
weathering in deeper soil horizons adjacent to parent ma-
terials. Carini employs a two-pronged approach to under-
stand which microbial species are involved in weathering
and how their populations change through time. First,
deep-dwelling soil microbes are isolated and assayed for
their ability to weather minerals in the laboratory. Once
weathering microbes are identified, he uses molecular
techniques to monitor the temporal population dynamics
of these (and other) microbial species in the soils they were
isolated from. The isolation and study of pure cultures
enables hypothesis-driven experimentation necessary to
directly link microbial species to specific geochemical pro-
cesses. Molecular tools then provide the ability to ‘follow’
the abundances of these species, in the context of the entire
microbial community, and to observe how their populations
change over time. This combination of microbial cultivation
with cultivation-independent molecular approaches yields
unique insight into the diversity of subsurface microbes and
their influence on mineral weathering rates.

Helene Chepher
Sabbatical Fellow

Université Pierre and Marie
Curie, Laboratoire de
Météorologie Dynamique,
Institut Pierre Simon Laplace
Project: Greenland clouds,
precipitations, and radiative
fluxes observed by the A-train
Sponsors: Jennifer Kay and
Waleed Abdalati

Helene Chepfer is collaborating with researchers of
CIRES Environmental, Observations, Modeling and
Forecasting division to understand the role of clouds and
precipitations on the polar climate. In particular, they are
using observations collected by the active remote sensing
instruments (CALIPSO lidar and CloudSat radar), part of
the A-train, to understand how clouds and precipitations
interact with the ice sheet over Greenland. Clouds and the
atmospheric state play fundamental roles in the cryospheric
mass budget of the Greenland ice sheet both as a source,
via precipitation, and potential sink, via modulation of
the surface energy budget. Understanding present and
future manifestations of change to the Greenland ice sheet
requires an explicit understanding of regional atmospheric
processes, including how the atmospheric processes interact
with the ice sheet and might be modulated as their envi-
ronment changes. The observations collected by CALIP-
SO and CloudSat since 2006 complete the information
collected over Greenland ground base sites, providing an
almost-decadal view of the detailed vertical distribution of
clouds and precipitations over Greenland. Those obser-
vations will be used to understand cloud and precipita-
tion-related processes over Greenland, and to constrain the
description of polar clouds in climate models, a step toward
more reliable predictions of future polar climate evolution.



Matt Coggon
Postdoctoral Fellow

Ph.D., California Institute of
Technology

Project: The impact of organic
compounds in wildlife smoke
on air quality and climate
Sponsors: Joost de Gouw,
José Luiz Jiménez

Matt Coggon is working with Joost de Gouw to under-
stand the properties and evolution of compounds emitted
by biomass burning. As the western United States contin-
ues to face drought conditions, the probability of wildfire
activity will increase. Smoke emitted from biomass burning
plays a role in regional air quality, yet there remain large
uncertainties to the extent to which smoke impacts health
and climate. Matt will work in the laboratory and field to
investigate the types of compounds emitted from wild-
fire smoke and assess their potential to form particulate
matter. His work will be in collaboration with scientists
from government agencies and universities participating in
the Fire Influence on Regional and Global Environments
Experiment (FIREX). This work will be important to
parameterize wildfire emissions in models and constrain the
biomass burning forcing on global climate. Matt is excited
to work on this collaborative project. In his spare time, he’s
looking forward to exploring Colorado’s whitewater, trails,
and backcountry.

Benjamin Green
Postdoctoral Fellow

Ph.D., Pennsylvania State
University

Project: The Madden-Julian
Oscillation in a global numerical
weather prediction model
Sponsors: Stan Benjamin,
Chris Fairall

Benjamin Green is collaborating with Stan Benjamin
and Chris Fairall and their colleagues at NOAA’s Physi-
cal Sciences and Global Systems Divisions to investigate
numerical simulations of the Madden-Julian Oscillation
(MJO). Specifically, the simulations couple the atmo-
spheric Flow-following finite-volume Icosahedral Model
(FIM) developed at NOAA to an icosahedral version of the
HYbrid Coordinate Ocean Model (iIHYCOM). The MJO
is the primary cause of intraseasonal (30-60 day) variability
in the tropical troposphere, and has been found to have
impacts on weather across the globe on similar timescales.
Therefore, it is believed that numerical weather prediction
models capable of adequately simulating the MJO will yield
more accurate forecasts at longer lead times. This research
is investigating the ability of the coupled FIM-iIHYCOM
model (hereafter “FIM”) to simulate the MJO by compar-
ing month-long FIM hindcasts with observations. Prelim-
inary results have found that different MJO events may be
governed by fundamentally different processes: some by
coupled air-sea interaction and others by atmospheric in-
ternal dynamics. While FIM can reasonably simulate MJOs
driven by interaction with the upper ocean, the model
struggles to capture MJOs driven by atmospheric dynamics,
suggesting a potential deficiency in the parameterization
of deep moist convection. Finally, FIM’s overall skill in
simulating the MJO will be compared against other models
including the Climate Forecast System.

Gabiriel

Jorda-Sanchez
Sabbatical Fellow

Institut Mediterrani d’Estudis
Avancats, Spain

Project: Sea level variability

in the global ocean induced

by atmospherical mechanical
forcing for the period 1871-2012
Sponsor: Steven Nerem

Gabriel Jorda is a visiting fellow from Mallorca (Spain)
where he holds a Ramén y Cajal research position at the
University of the Balearic Islands. His field of expertise is
physical oceanography and particularly sea level variability
and the interaction between marine climate and ecosys-
tems. During his stay in Boulder, he is working with Steve
Nerem (CIRES-CCAR) and Gil Compo (CIRES-NOAA)
in the modelling of sea level variability since 1850. In par-
ticular, he is interested in the characterization of the water
mass redistribution due to the atmospheric mechanical
forcing. This is important in order to better interpret the
long term records of sea level obtained at coastal stations
where many different processes occur. The new simulations
will allow a better assessment of how much sea level has
changed during the instrumental period and if significant
changes on extreme events characteristics have happened
in the past. This exciting project has been a perfect alibi to
spend a year with his family in a wonderful place like Boul-
der, a place with amazing landscapes around and plenty of
nice and interesting people from all around the world.
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Bernd Karcher
Sabbatical Fellow

Institut fur Physik der
Atmosphare, Deutsches
Zentrum fur Luft und Raumfahrt,
Oberpfaffenhofen, Germany
Project: Dynamical and
microphysical controls of ice
formation in tropospheric clouds
Sponsors: David Fahey,
Graham Feingold

Bernd Karcher is working with NOAA’s Graham Feingold
and David Fahey to investigate dynamical and microphys-
ical controls of ice formation in clouds. A lack of proper
representation of cloud ice in global models compromises
the fidelity with which weather and climate can be simulat-
ed. Karcher will strive to improve the understanding of ice
formation processes in tropospheric clouds, resorting to the-
oretical and numerical methods and making use of results
from high resolution atmospheric models. He will be study-
ing fundamental issues regarding links between small-scale
variability in relative humidity and ice nucleation, while
at the same time recognizing that ice crystals may nucleate
on a plethora of atmospheric aerosol particles with vastly
different ice-forming properties. Due to their relevance for
the Earth’s radiative and the stratospheric moisture budget,
emphasis is placed on cirrus clouds originating from con-
vective detrainment or forming in-situ.
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Yochanan Kushnir
Sabbatical Fellow
Lamont-Doherty Earth
Observatory, Columbia University
Project: Space-time properties
of U.S. extreme hydrological
events: attribution and projection
Sponsors: Judith Perlwitz,

Balaji Rajagopalan

Kushnir is collaborating with researchers of NOAA’s
Physical Sciences Division and CIRES as part of a broader
research goal to study the climate of the western United
States. The goal here is to characterize, understand and
attribute the space-time properties of extreme hydrological
events in the U.S. West. These intense and/or prolonged
precipitation events regularly inflict property damage and
loss, environmental degradation, and sometimes also lead to
loss of life. The present-day characteristics of these phenom-
ena require more study. It is also important to determine
how the probability of such events and their spatial pattern
will change in the future. During his visit, Kushnir joined
the study of the space-time organization of high intensity
hydrological events at CIRES. He is presently continuing
to collaborate with CIRES investigators in characterizing
the seasonal distribution of extreme events and their links
to large-scale atmospheric patterns and global sea surface
temperature variations. Using station observations, reanal-
yses, and climate models, clusters of events are identified
and related to large scale climate variations. Building such
links enables understanding of extreme events and verifies
that state-of-the-art models can correctly simulate them,
ultimately aiding in developing applications that can assist
decision makers in addressing the associated hazards.

Amanda Lynch
Sabbatical Fellow

Institute at Brown University for
Environment and Society, Brown
University

Project: Actionable knowledge
at the ice edge

Sponsor: Mark Serreze

Amanda Lynch has published more than 100 articles,
policy briefs, book chapters and books in climate sci-
ence and policy, with a focus on the polar regions. Lynch
developed the first Arctic regional climate system model in
1993. As well as climate modeling, she conducts research
on adaptation policy and particularly the role of indigenous
knowledges in climate change adaptation. She is Chief Edi-
tor of the journal Weather, Climate and Society, President of
the Society of Policy Scientists, and a member of the World
Climate Research Programme’s Joint Science Committee.
At CIRES, she will be working with Mark Serreze and oth-
ers in the National Snow and Ice Data Center to develop
the scientific foundation for actionable knowledge at the ice
edge—knowledge that supports decisions on the economic
viability, safety, and impact of development opportunities in
the Arctic. It is known that synoptic and mesoscale systems
play an important role in determining ice edge variability.
Lynch and Serreze will collaborate on developing useful ap-
proaches for a statistical model of polar low characteristics.



Angie Pendergrass
Postdoctoral Fellow

Ph.D., University of Washington
Project: How will extreme
precipitation change with
warming?

Sponsor: Prashant Sardeshmukh

Angie Pendergrass is working with Gil Compo and
Prashant Sardeshmukh at NOAA ESRL to study extreme
precipitation, its dynamics, and its changes in centennial
reanalyses and climate model simulations. How extreme
precipitation will change with warming is crucial to
understand because of its importance for climate impacts
and the potential for adaptation action by water managers
and hydrologists. The range of projected change in extreme
precipitation from climate model simulations is large. In
order to make sound projections of how extreme precipi-
tation will change, we need to untangle the factors causing
this wide range and determine where we fall within it. As
a CIRES fellow, Angie will apply a new analysis technique
to deconstruct the factors driving externe precipitation, in
order to see whether the dynamics driving extreme precipi-
tation and its change are related among climate models and
reanalyses. Before coming to CIRES, Angie did her Ph.D.
at the University of Washington in Seattle and worked as a
postdoctoral researcher at the National Center for Atmo-
spheric Research. Angie is excited to work with this new
segment of the Boulder atmospheric science community.

Mark Raleigh

Postdoctoral Fellow

Ph.D., University of Washington
Project: Improving operational
streamflow forecasting in the
Upper Colorado River Basin
through extended historical and
physical understanding of dust-
on-snow impacts

Sponsor: Richard Armstrong

Mark Raleigh is working with researchers at the National
Snow and Ice Data Center and colleagues at the Colorado
Basin River Forecasting Center on the “dust-on-snow”
problem. His research aims to understand the regional and
historical context of dust deposition on Rocky Mountain
snowpack and to assess how operational streamflow models
can best account for the enhanced energy absorption that
leads to rapid and earlier snowmelt in the spring. Specifi-
cally, Raleigh plans to use in-situ observations, models, and
remote sensing to investigate 1. The synoptic conditions
associated with dust deposition events, 2. The signature of
dust-on-snow variability (space, time, concentration) with-
in readily available historic hydrologic records (snowpack
and streamflow), and 3. The array of modeling options
that could be employed to account for enhanced snowmelt
due to dust-on-snow in streamflow forecasting operations.
Recent research suggests that annual runoff in the basin
has been reduced on the order of 5% because evapotrans-
piration has increased with premature snow cover loss from
dust effects. Existing operational models do not directly
account for the dust effects and recent work has shown a
strong correlation between forecasting errors and annual
dust loading.

Adam W. Schneider

Postdoctoral Fellow

Ph.D., University of California
San Diego

Project: Sociopolitical Impacts
of drought, water scarcity, and
climatic instability upon past,
present, and future societies in
greater Mesopotamia
Sponsors: Balaji Rajagopalan,
Peter Molnar

Adam Schneider is an environmental archaeologist, with
a particular specialization in the long-term evolution of the
dynamics of coupled human-environmental systems in the
Near East. The purpose of his research, which incorporates
a number of archaeological, geographical, historical, and
earth science methods, is to investigate the relationship
between climate change and political instability in the
Middle East, the Eastern Mediterranean Basin, and North
Africa over the longue durée, from the beginnings of urban
civilization up to the present.At CIRES, he is working with
Balaji Rajagopalan and several other scholars to assess the
relative impact of specific environmental causal factors in
instances of political collapse. One of his research project’s
two main objectives is to create a regional Mid-Late Holo-
cene paleoclimate “mosaic” from numerous proxy records
for local conditions in different parts of the Near Eastern
region. The other is to develop a database of the various
cultural and natural factors that have been pointed to as
causes of known instances of social disruption, crisis, or
outright collapse among pre-industrial societies situated in
this area. Together, these two twin databases have the poten-
tial to provide a platform that will facilitate the comparative
analysis of the various environmental and social factors that
influenced the political collapse of past societies.
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Jeffery A.

Thompson

Postdoctoral Fellow

Ph.D., University of New South
Wales, Australia

Project: Exploring links between
hydrologic changes and land
surface phenology in Greenland
Sponsors: Mark Serreze,

Lora Koenig

Jeff Thompson is collaborating with researchers at the Na-
tional Snow and Ice Data Center to explore links between
hydrologic changes and land. While many studies have
focused on changes in individual systems (e.g. ice cover,
ocean, vegetation), fewer have focused on the interactions of
multiple systems (e.g. ice-ocean interactions) and very few
have focused on how changes in multiple physical systems
will affect the Greenlandic population. Although small,
Greenland’s vegetated areas are of primary importance to its
indigenous population and hunting is an important aspect
of their livelihood strategies. To better understand the link
between changes in cryospheric processes, runoff, and vege-
tative phenology this research explores the following science
questions: 1. What effects are rising temperatures, including
precipitation, having on the vegetation of Greenland; 2.
How is the increase in melt runoff affecting vegetation; and
3. Can the effects of temperature and runoff on vegetation
be separated? Answering these science questions will enable
better predictions of vegetative changes and ultimately how
the change will impact the Greenlandic population.
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Tonie Van Dam

Sabbatical Fellow

Faculté des Sciences, de la Technologie et de la
Communication, Université de Luxembourg
Project: 1. Sea level; 2. Absolute gravity to
sustain Sierra Nevada uplift

Sponsors: Craig Jones, Steven Nerem

Tonie van Dam is working with CIRES Fellow Steve
Nerem (CU Boulder Aerospace Engineering Sciences) to
develop a long-wavelength model of vertical crustal motion
along the world’s coastline using global GPS vertical
velocities. The goal is to arrive at a global model of regional
vertical land motion that can be used for regional sea level
change studies. Tonie is also collaborating with CIRES Fel-
low Craig Jones (CU Boulder Geological Sciences) to better
understand how changes in water storage can affect uplift of
the Sierra Nevada. In addition to working with Nerem and
Jones, van Dam has ongoing collaborations with CIRES
Fellow Anne Sheehan (Geological Sciences) and University
of Colorado professor Kristine Larson (Aerospace Engineer-
ing) on GPS and the water cycle. Van Dam is excited to be
returning to CIRES and reigniting old collaborations as she
got her Ph.D. here in 1991. She is also looking forward to
forging new collaborations with other researchers at CIRES
who are investigating sea level, ice mass changes, and
changes in the global water cycle.




Katabatic snow drifting at a research
camp in Southwest Greenland. Mid-
May on the Arctic Circle Traverse 2016
Expedition. Photo: Baptiste Vandecrux/
Technical University of Denmark

Innovative Research Program

The CIRES-wide competitive Innovative Research Program (IRP) sup-
ports novel, unconventional, and/or fundamental research that may quickly
provide concept viability or rule out further consideration. The program
stimulates a creative research environment within CIRES and encourages
synergy among disciplines and research colleagues.
hetp://cires.colorado.edu/about/institutional-programs/innovative-research-

program

Awards for 2016

Investigating the ionospheric gravity and pressure gradient
current systems with satellite magnetic measurements
Henry Patrick Alken

Demonstration of a high-signal soft-ionization quantitative
method for on-line aerosol mass spectrometry
José-Luis Jiménez

HOVERCAT: A novel aerial system to evaluate aerosol chem-
istry and its impacts on arctic clouds
Jessie Creamean and Margaret Tolbert

Are there diamonds in the sky? Detection of diamondoid and
other large hydrocarbons in the atmosphere
Carsten Warneke, Joost de Gouw, Brian Lerner, and Abigail Koss

Heterogeneous photo-initiated chemistry of alkyl organics in
the Earth’s atmosphere
Veronica Vaida

Is meltwater responsible for new crevasses in Greenland’s
interior?
Lora Koenig and Michael MacFerrin

Discerning heat from melt from composition in the deep
earth: Exploring a new approach to measuring seismic at-
tenuation

Craig Jones
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Graduate Student Research Awards

To promote student scholarship and research excellence,
CIRES maintains a Graduate Student Research Award
(GSRA) program with the aim of supporting extraordinary
young researchers. Any current Ph.D. student advised by a
CIRES Fellow or CIRES researcher is eligible for this one-
time award opportunity.

The CIRES GSRA is granted in the form of a Research
Assistant position for two semesters. The award includes a
monthly salary, fully paid tuition, and a partially paid pre-
mium (90 percent) towards the Buff Gold insurance plan.

At right are the recipients for this reporting period (June
1, 2015-May 31, 2016).
htep://cires.colorado.edu/education/graduate-student-s/
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John Berggren

Project: Transitioning to a new era in Western
United States water governance: Examining
adaptive capacity and equitable water policy in the
Colorado River Basin

Advisor: Lisa Dilling, Western Water Assessment

Ryan Davis

Project: Laboratory studies of contact efflorescence
involving organic and mixed organic-inorganic
agueous aerosols

Advisor: Margaret Tolbert, Chemistry and
Biochemistry

Natalie Kille

Project: Developing the mobile Solar Occultation
Flux technique to quantify emission fluxes of trace
gases

Advisor: Rainer Volkamer, Chemistry and
Biochemistry

Jenny Nakai

Project: Tectonic and anthropogenic causes of
small magnitude earthquakes in Colorado and New
Mexico

Advisor: Anne Sheehan, Geological Sciences

Rebecca Rapf

Project: Building molecular complexity via
aqueous photochemistry in ancient and modern
environments

Advisor: Veronica Vaida, Chemistry and
Biochemistry

Tasha Snow

Project: Evaluating fjord sea surface temperature
influences on Greenland outlet glacier variability
Advisor: Waleed Abdalati, Geography

Jenny Nakai, CIRES Graduate Student Research Award winner. Photo courtesy of Jenny Nakai.


http://cires.colorado.edu/education/graduate-student-fellowships/

Integrated Instrument Design Facility

The Integrated Instrument Development Facility (IIDF)
is operated in partnership between CIRES and the Uni-
versity of Colorado Boulder Department of Chemistry
and Biochemistry. The IIDF is multi-faceted, con