Global
Change

Education
Program

s

U.S. DEPARTMENT OF OffICe Of

EN ERGY Science

Office of Biological and Environmental Research
Climate and Environmental Sciences Division






U.S. DEPARTMENT OF ENERGY

Office of Science
Office of Biological and Environmental Research
Climate and Environmental Sciences Division

GLOBAL CHANGE EDUCATION PROGRAMS

1998-2013
FINAL REPORT

ORAU

and
University of Arkansas at Little Rock






TABLE OF CONTENTS

Executive Summary

Introduction

Program Organization

The Summer Undergraduate Research Experience

The Graduate Research Environmental Fellowships

The Marvin L. Wesely Graduate Research Environmental Fellowship Award

LQ@OOO

Final Comments and Lessons Learned

Acknowledgements

APPENDICES

Appendix I: Agendas, Global Change Education Program student orientations

L il

Appendix II: Agendas, Global Change Education Program end-of-summer workshops

06

Appendix lll: Summer Undergraduate Research Experience fellows and DOE mentors

Appendix IV: Publications and presentations coauthored by SURE students

Appendix V: Current status of past SURE fellows

Appendix V. Graduate Research Environmental Fellowship fellows degrees, DOE mentors

Appendix VII: Theses and dissertations authored by GREF fellows

Appendix VIII: Publications and presentations coauthored by GREF students

000000

Appendix IX: Current status of past GREF fellows






uring the mid-to-late 1990s, the Department of Energy (DOE)’s
Climate Change Research Division of the Office of Biological and
Environmental Research (BER) recognized, through its interaction
with the climate research community, that there was a need to increase
the number of highly qualified scientists in the workforce of climate
researchers. Thus, DOE program managers and Argonne National
Laboratory (ANL) scientists involved with climate research programs and
facilities met to develop a plan to address this need. As a consequence of the meeting and
subsequent discussions within DOE, the Global Change Education Program (GCEP) was
created, with the goal to respond to a higher demand for climate science professionals
that were needed by both the DOE National Laboratories and the global change research
community. Unlike previous education programs supported by BER that focused on postdoc
and early career scientists, GCEP emphasized support to upperclass undergraduate and
graduate studies in global change research. GCEP gave particular focus to scientific subjects
that generally paralleled the DOE climate research priorities, e.g., atmospheric sciences,
terrestrial processes, and climate modeling.

Students who were selected for support under the GCEP received funds to cover tuition
and travel expenses. In addition, GCEP also provided mentoring services to students by
experienced climate researchers who were funded by DOE’s climate research programs
at DOE national laboratories, universities, and companies. A unique aspect of GCEP was
that it also provided a nurturing environment, through the workshops, for undergraduates
by communicating and receiving encouragement from the graduate students, as well as
incorporating mentoring coordinators and program officials throughout the program.
Workshops designed to nurture communications between undergraduate and graduate
students alleviated undergraduate student concerns in transitioning from the Summer
Undergraduate Research Experience (SURE) to the Graduate Research Environmental
Fellowship (GREF), both of which were subprograms under GCEP. Each year, on the basis
of mentors’ recommendations, GCEP recognized students who made the best use of their
mentor and institution resources. This recognition was awarded in the memory of the late Dr.
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Marvin L. Wesely, who was a senior scientist at ANL and was an outstanding researcher,
Chief Scientist for the former Atmospheric Chemistry Program, and mentor.

This GCEP final report reviews the program’s goals, duration and accomplishments.
Its appendices capture the annual workshops and awards sponsored by the program. The
outstanding research publications represent the exceptional relationships between students
and their respective assigned mentors. The authors of the final report, Drs. Jeft Gaffney and
Nancy Marley, made an exemplary effort in tracking and maintaining contact with students
who successfully completed the program. The students’ career paths illustrate that GCEP not
only met its goal of replenishing the DOE workforce in climate research areas, but also met
the needs of other public and private sectors engaged with climate-related research and
activities.

GCEP is indebted to the many conscientious and dedicated individuals recognized in
the “Acknowledgments” section for their selfless dedication, especially Nancy and Jeff, for
their tireless effort as mentoring coordinators.

Dr. Gerald (Gary) Geernaert Mr. Rickey Petty
Climate and Environmental Division Director GCEP Program Director




he U.S. Department of Energy (DOE), Office of Science (SC), Biological

and Environmental Research (BER) Climate and Environmental

Sciences Division (CESD) funded the Global Change Education

Program (GCEP) from October 1998 to July 2013 in an effort to
promote and support the quality of emerging scientists in disciplines
related to global change research. The CESD supports global change

research through its Atmospheric Systems Research (ASR) program (formerly
the Atmospheric Science Program or ASP), Atmospheric Radiation Measurement (ARM)
program, and the Terrestrial Ecosystems Science (TES) program. The GCEP activities
supported students involved in global change research including areas ranging from the
atmospheric sciences, ecology, global carbon cycles, earth systems and climate modeling, and
terrestrial processes to integrated assessments, predictions, and policy issues.
Mr. Peter Lunn served as the program manager for GCEP from 1998 to 2005, when

he retired from federal service. Mr. Rickey Petty served as the program manager from 2005
to 2013. Jeffrey S. Gaffney and Nancy Marley of the University of Arkansas at Little Rock
(formerly of Argonne National Laboratory) served as mentoring coordinator and assistant
mentoring coordinator, respectively. Milton J. Constantin served as the ORAU program
manager until his retirement in 2010. He was succeeded by Michael Hubbard from 2010 to
2012, and Leslie Fox during the program’s final year (2013). They, along with the members
of the various review panels, provided programmatic, technical, and operational guidance
for GCEP.







CEP supported U.S. citizens who were currently enrolled in under-
graduate or graduate studies in the global change areas with GPAs of
3.0 or higher. The Program was made up of two parts: the Summer
Undergraduate Research Experience (SURE) and the Graduate Research
Environmental Fellowships (GREF). In its first year, GCEP also provided
support to one student at Argonne National Laboratory in the Significant
Opportunities in Atmospheric Research and Science Program (SOARS). The
SOARS program is an undergraduate-to-graduate bridge program designed to broaden
participation in the atmospheric and related sciences. That student transferred to the SURE
program and is included in that data.
The SURE component supported undergraduates during the summer in BER-supported
climate change research beginning in their sophomore or junior year. The SURE fellows
were selected for their academic abilities and their research interests as evaluated from
their transcripts, reference letters, and a self-written statement of goals that included their
specific climate change areas of interest. A panel review process was used for the selection of
students interested in a broad range of climate change areas including atmospheric science
(physics and chemistry), terrestrial ecology (biology), soil science and ecosystem research
(microbiology as well as chemistry and physics), and climate modeling (mathematics and
computation). This required an interdisciplinary team of reviewers from the various areas of
climate change research supported by the DOE’s Climate Change Research programs.
After the SURE students were selected, they were instructed to contact the mentoring
coordinator to initiate the mentor selection process. The mentoring coordinator’s role was
to suggest potential mentors currently involved in climate change research for the DOE that
would be compatible with the student’s capabilities and interests. Potential mentors included
scientists at universities, national laboratories, or small businesses conducting Small Business
Innovative Research (SBIR) projects in development of instruments relevant to climate change
studies. Once the student and mentoring coordinator agreed on a potential research mentor,
the SURE student was then encouraged to contact the DOE mentor directly to discuss
possible research projects and also to arrange for housing at their research sites for the 9-week
summer research portion of SURE. This approach differs from most undergraduate research
programs, which pair students with mentors either by assignment or by allowing mentors to
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select students from a batch of applicants. By guiding the SURE fellows through negotiations
with mentors directly, the students gained experience in interacting with senior researchers
to define a research project and also in handling housing and other issues necessary to setting
up their SURE experiences. This process teaches the SURE fellows how to select a graduate

or thesis advisor, an important skill in applying for graduate school and in succeeding in
graduate education.

The SURE fellows were encouraged to continue their participation in the program during
subsequent years to foster their interest in graduate studies in climate change research areas
following their graduation. In keeping with this goal, SURE fellows interested in continuing
their education in climate change were also supported during the summer after completion
of their undergraduate degree. This aspect of the SURE program set it apart from similar
undergraduate research programs and provided the students with a seamless transition into
their graduate studies. At the end of each summer period, mentors and their SURE fellows
were asked to evaluate one another. This allowed for an assessment of the student and mentor
interactions and provided very useful feedback for the mentoring coordinator in future
assignments for continuing SURE fellows as well as for mentor assignments with future
SURE fellows.

The GREF component of GCEP supported doctoral graduate fellows that had completed
their freshman year of graduate school (and therefore had completed the majority of the
required coursework), had selected a university thesis advisor, and were ready to begin
graduate research. The GREF fellows were selected for their academic achievements and their
proposed research projects as evaluated from their transcripts, reference letters, and from a
written research proposal outlining their thesis research. Successful candidates were selected
by panel review conducted by an interdisciplinary team of reviewers from the various areas
of climate change research supported by the DOE’s Climate Change Research programs.
Successful SURE fellows were also highly encouraged to consider “bridging” into the GREF
program for continuation into graduate school. These students received a small number of
bonus points added to their GREF application review scores and were examined closely for
possible GREF fellowships. The goal was the development of a strong scientific workforce
across the various disciplines related to global change research.

Each GREEF fellow was required to identify a DOE BER-supported mentor who would
guide the student’s research activities along with the university thesis advisor. The DOE
mentor was selected with the guidance of the mentoring coordinator prior to submission
of the student’s GREF application, which included a detailed description of the mentor’s
participation in the research as well as a support letter from the selected DOE mentor. The
DOE mentors for GREF projects were also required to not be at the same institution as the
student, if possible. This ensured that the students would expand their scientific interactions
outside of their immediate graduate institution and also served to encourage interactions
between the university faculty and the DOE researchers working in similar climate change
areas. The DOE mentors enhanced the graduate students’ climate change research either by
direct interaction and collaboration or by providing access to DOE facilities, sites, and unique
capabilities. These included access to the instrumentation available at the Environmental
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Molecular Sciences Laboratory (EMSL), the Center for Accelerator Mass Spectrometry
(CAMS), the various advanced light sources, or high-end computer centers and the associated
large and comprehensive regional and global scale models, as well as access to DOE study
sites such as Atmospheric Radiation Measurement (ARM) sites or the Free-Air Carbon
Exchange (FACE) or Carbon Flux sites. These interactions enriched the student’s education
and preparation for future employment in climate change research areas, and also benefited
the funded CESD projects through addition of the GREF fellow’s research activities. Thus,
GREF support directly connected student research to the DOE climate change research
efforts; the students’ climate change research not only furthered their doctoral graduate
degrees, but also increased the knowledge base and fundamental understanding critical

to improving climate change modeling and prediction and identifying potential areas for
mitigation and carbon storage.

As part of the effort to encourage use of the DOE facilities, sites, and computational
capabilities as well as collaboration with the DOE mentor, the Marvin L. Wesely Graduate
Research Environmental Fellowship Award was instituted in 2003. Dr. Wesely was a senior
scientist at Argonne National Laboratory and was an outstanding GCEP mentor and leader
in the DOE Atmospheric Chemistry Program (ACP). He passed in January 2003 from a rare
form of heart cancer. In his memory, this annual award was established to honor a current
GREEF fellow who had made the best use of his/her DOE mentor and facilities in improving
the quality of his/her research efforts. The Marvin L. Wesely GREF awardees are listed below
with short descriptions of their research accomplishments and interactions with DOE that led
to their receiving the award.

An orientation was held in June from 1999 to 2010 for incoming SURE and GREEF fellows
to introduce them to the various areas of research conducted by the DOE Climate Change
Research Programs. Agendas for the yearly orientations are provided in Appendix I along
with links to selected presentations. Scientific overview presentations were organized in
each of the major climate change research areas and presented by DOE scientists directly
involved in each area of research. In addition, GREF students with mature research projects
were asked to present their latest results in the appropriate sessions, which developed the
students’ appreciation of how their work contributed to the ongoing DOE climate research
programs. These presentations by GREF fellows also encouraged direct interactions between
undergraduate and graduate students interested in each area of climate change research and
further increased undergraduate awareness of graduate education opportunities at the various
universities that participated in GCEP.

A major goal of GCEP was development of the organizational and written skills needed to
successfully publish scientific work and submit independent research proposals. Toward this
end, the summer orientations included special lectures and mentor-led discussions covering
topics such as publishing and the peer review process, successful proposal writing, selecting
graduate schools and thesis advisors, and resumes versus curriculum vitas. These topics were
included to cultivate the students’ awareness of all that is required to be a successful graduate
student and scientist beyond the normal course work and thesis research. The students
found the seminars very enlightening and, in many cases, it was their first exposure to these




GLOBAL CHANGE EDUCATION PROGRAM

important aspects of becoming a successful research scientist.

A three-day final workshop was held in August from 1999 to 2010 for SURE fellows
to present results of their 9-week research experience. Also, GREF fellows who did not
present research updates during the June orientation were asked to present their latest
research results during the final workshop. Agendas for the end-of-summer workshops are
provided in Appendix II along with links to the presentations given by SURE and GREF
fellows. These workshops afforded additional opportunities for direct interactions between
undergraduate and graduate students working in similar climate change research areas and
gave them an appreciation of how their work fit into the larger picture of interdisciplinary
climate change research.




THE SUMMER
UNDERGRADUATE RESEARCH
EXPERIENCE

he GCEP SURE program supported a total of 136 undergraduate

students with a total of 208 fellowships from 1999 to 2010. The number

of fellowships includes the students returning to the program for

more than one year. Each year, 12 to 26 fellows were supported by the
program with an average of 17 fellows per year including both new and
returning students (see Table 1). The total number supported each year

was determined by the number of qualified students applying and the funds

available for the SURE part of the GCEP program. The SURE fellows are listed in Appendix
IIT along with their DOE mentors and the institutions where they conducted their summer

Table 1. Number of Summer Undergraduate Research Experience fellows supported
by GCEP by year.

ki) 17 17 NA
2000 26 19 7
2001 21 10 11
2002 15 6 9
2003 16 9 7
2004 17 11 6
2005 18 10 8
2006 17 10 7
2007 15 12 3
2008 19 13 6
2009 15 12 3
2010 12 7 5
1999-2010 208 136 72




Table 2. Colleges and universities participating in the Summer Undergraduate
Research Experience and the number of SURE fellows from each during 1999-2010.*

School Fellows School Fellows

Albion College 1 Southern University 1
Alfred University 1 Stanford University 1
Ball State University 1 St. Cloud State University 2
Bemidji State University 1 St. John's College 1
Berea College 1 Swarthmore College 5
Binghamton University (SUNY) 1 Texas A&M University 1
Brown University 2 Tulane University 2
Bucknell University 1 Union College 1
Cabrini College 1 University of Arkansas 1
College of Charleston 1 University of Arkansas at Little Rock 2
Cornell University 8 University of Arizona 1
Dartmouth College 1 University of California, Berkeley 2
Denison University 1 University of California, Davis 1
Eastern Washington University 1 University of California, Riverside 1
Evergreen State College 1 University of Chicago 4
Furman University 1 University of Colorado, Boulder 1
Hamilton University 1 University of Florida 1
Harvard University 2 University of lllinois at Urbana-Champaign 2
Hendrix College 1 University of Louisiana at Monroe 1
Humboldt State University 1 University of Maryland 1
Hunter College 1 University of Miami 2
Kenyon College 1 University of Michigan 2
Loyola Marymount University 1 University of Minnesota Institute of Technol- 1
Loyola University 1 o9y

Marist College 1 University of Minnesota, Morris 1
Marquette University 1 University of Notre Dame 1
Massachusetts Institute of Technology 2 University of Oklahoma |
McGill University 1 University of Portland 1
Michigan Technological University 1 University of Puerto Rico, Mayaguez 4
Middlebury College 1 University of Puerto Rico, Rio Piedras 5
Midland Lutheran College 1 University of South Carolina 1
Mills College 1 University of South Carolina, Beaufort 1
Montana Technical University 1 University of Tampa |
Muhlenberg College 1 University of Texas at Arlington 1
New Jersey City University 1 University of Toledo |
Naw Mesdeo T 1 University of Utah 1
North Carolina State University 4 University of Wisconsin-Madison 2
Northern lllinois University 3 Utah State University 1
Oral Roberts University 1 Valparaiso University 2
Oregon State University 1 Wake Forest University 1
Oswego State University 1 Washington State University 1
Pennsylvania State University 5) Washington University 3
Pomona College 1 Waynesburg University 1
Princeton University 1 Western Carolina University 1
Rensselaer Polytechnic Institute 2 Western Washington University 2
Rowan University 1 Willamette University 1

*One SURE Fellow (participated more than one year) attended two different schools.
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research. Among the fellows, 65% (88) were female and 35% (48) were male. They included 12
Hispanic Americans, 8 Asian Americans, 4 African Americans, and 1 Native American. The
SURE fellows were recruited from the 91 participating colleges and universities listed in Table
2 (opposite), which include both large and small schools from every area of the country. The
students involved in the SURE program thus reflect significant geographical distribution.

In selecting students for participation in the SURE program, an effort was made to
include students interested in each of the major areas of climate change research supported
by the DOE CESD: physics and chemistry of the atmosphere (atmospheric science); optical
properties of the atmosphere and radiative balance (climate forcing); the response of biology
and ecosystems to climate change (terrestrial ecology); the uptake or release of carbon by
soil, microbiology, and plants (carbon cycling); numerical and computational prediction of
climate change (climate modeling); and the effects of climate change on society and possible
mitigation strategies (climate policy). The distribution of SURE fellows working in each of
these areas of climate change research from 1999 to 2010 is shown in Figure 1. The majority
of students focused their studies on atmospheric science (20%), carbon cycling (23%), climate
forcing (26%), and terrestrial ecology (21%). Only 1% of the students studied climate policy,
which reflects a shortage of mentors in this area as well as a lack of interest from qualified
students. Although the climate modeling area was of particular interest to the DOE CESD,
fewer students (9%) pursued research in this area at the undergraduate level primarily because
most students did not have the mathematical and computational skills required for this
rigorous area of study.

1%

Figure 1. The distribution of SURE fellows involved in the various areas of climate
change research from 1999 to 2010. AS = atmospheric science, CC = carbon cycling,
CF = climate forcing, CM = climate modeling, CP = climate policy,

TE = terrestrial ecology.
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The SURE fellows conducted their studies at the home research institutions of their
chosen mentors. These institutions, listed in Table 3, included 11 DOE research facilities
and national laboratories and 29 universities with DOE-supported climate change research
activities. One hundred forty-eight (71%) of the SURE fellows chose mentors associated with
the DOE research facilities, while sixty (29%) worked with mentors located at a university.
The most popular research facilities were the national laboratories starting with Oak Ridge
National Laboratory (16 participating mentors), hosting 34 SURE fellows in its Climate
Change Science Institute, which includes earth systems modeling, terrestrial ecosystem
and carbon cycle science, and climate impacts, adaptation, and vulnerability science.
Argonne National Laboratory (8 participating mentors) hosted 33 SURE fellows working
in the Environmental Research Division in carbon cycling and soil science, atmospheric
chemistry and physics, and aerosol climate effects. Lawrence Berkeley National Laboratory
(8 participating mentors) hosted 23 SURE fellows between their Environmental Energy
Technologies Division and Earth Sciences Division studying aerosol climate effects and
carbon cycling. Brookhaven National Laboratory (8 participating mentors) hosted 14
SURE fellows in their Environmental Sciences Department working on aerosol science
and radiative balance, radiative transfer modeling, and plant and ecosystem response to
climate change. Pacific Northwest National Laboratory and their Environmental Molecular
Science Laboratory together (6 participating mentors) hosted 13 SURE fellows working
in atmospheric physics and meteorology and aerosol climate effects. The most popular
universities were Oregon State University, which hosted 6 SURE fellows working with
Professor Barbara Bond in her Forest Science Laboratory, followed by the University of
California-Berkeley, University of Arkansas at Little Rock, and the University of Washington
hosting 5 SURE fellows each in atmospheric chemistry of aerosols and trace gases.

The SURE fellows were encouraged to continue their participation in the program during
subsequent years. Of the 136 fellows supported from 1999 to 2010, 72 (53%) chose to return
to the program for additional years, with 49 of the 60 returning for two years and 11 returning
for the full 3 years. As undergraduates are often not fully committed to a specific area of study,
SURE fellows were encouraged to make use of the extensive network of mentors in the GCEP
program to discover the area of research that most excited them. It is interesting to note that
of the 72 returning fellows, 37 made use of this opportunity to investigate other mentors and
research areas after their first summer’s experience.

The research efforts of the SURE fellows from 1999 to 2010 resulted in a total of 58
scientific publications and 201 oral and poster presentations. Details of the publications
and presentations coauthored by SURE fellows can be found in Appendix IV. In summary;,

34 of the publications appeared as peer reviewed journal articles and book chapters, with

the remaining 24 issued as technical reports and extended abstracts for national scientific
meetings. The presentations listed in Appendix IV include 44 oral and poster presentations at
national, international, and regional scientific meetings.

A concerted effort was made by the GCEP mentoring coordinators to follow the career
paths of the SURE fellows after leaving the program and to continue to offer career guidance
and encouragement. The mentoring coordinators offered support to successful SURE fellows
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Table 3. Research institutions participating in the Summer Undergraduate Research
Experience and the number of SURE fellows conducting research at each institution
during the years 1999-2010.

Research Facilities Fellows Universities Fellows

Aerodyne Research

5

Arizona State University

1

Argonne National Laboratory

55

Duke University

1

Brookhaven National Laboratory

14

Harvard University

Center for Accelerator Mass Spectrometry

Louisiana State University

—

Environmental Molecular Sciences Laboratory

Michigan Tech

Los Alamos National Laboratory

North Carolina State University

Lawrence Berkeley National Laboratory

Ohio State University

Lawrence Livermore National Laboratory

Oregon State University

National Center for Atmospheric Research

Penn State University

Oak Ridge National Laboratory 34 South Dakota State University

Pacific Northwest National Laboratory n Stanford University

SUNY - Old Westbury

Woods Hole Oceanographic Institution 6

Total number of fellows at research facilities 148 University of Arkansas at Little Rock

University of California, Berkeley

Njoujla|l= |2 lwINdN]ol =N

University of California, Davis

—

University of California, Irvine

University of California, Los Angeles 1

University of California, Riverside 2

University of Illinois at Chicago 1

(&N}

University of lllinois at Urbana-Champagne

—

University of lowa

University of Miami 2

—

University of Nebraska

University of Notre Dame

University of Utah

bl HOUN S

University of Tennessee-Knoxville

ul

University of Washington

University of Wisconsin-Madison 1

University of Wisconsin-Stevens Point 1

Total number of fellows at universities 60

pursuing graduate school education by writing letters of recommendation describing the
students’ research efforts in the program. In some cases, the mentoring coordinators also
worked with the SURE students and their campuses to obtain academic credit for their SURE
tellowship activities. Short summaries of the histories and current status of the SURE fellows
since their internships can be found in Appendix V. Of the 136 undergraduate students

that were supported by the GCEP-SURE program from 1999 to 2010, 96 continued on into
graduate studies with 55 in doctoral programs, 37 in master’s programs, 2 in medical school,
and 2 in law school. Of those seeking doctoral degrees, 52 entered programs in climate
change or a closely related environmental program, with 19 under funding through the GCEP
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Graduate Research Environmental Fellowship. Among those SURE fellows seeking master’s
degrees, 30 entered programs in climate change or closely related environmental fields. These
numbers attest to the success of the SURE program in attaining the goal of increasing the
number of qualified graduate students in the areas of climate change.




he GCEP GREF program supported a total of 94 doctoral students from
1999 to 2013. During the active years of the program (1999-2010), a
total of 10 to 36 fellows were supported by the program each year with
an average of 29 fellows per year including both new and returning
students (see Table 4). This excludes the final years of the program
(2011-2013) when no new students were accepted and a total of 19

Table 4. Number of Graduate Research Environmental Fellows supported by GCEP
by year including total, new and returning students.

1999 10 10 NA

2000 18 8 10
2001 25 7 18
2002 29 6 23
2003 32 5 27
2004 30 8 22
2005 31 11 20
2006 35 8 27
2007 33 9 24
2008 36 10 26
2009 34 6 28
2010 34 6 28
20M 19 O 19
2012 12 O 12
2013 4 O

DQO ° 0 0
U - 4 %o
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students remained in the program to complete their dissertations. From 5 to 11 new students
were accepted into the program each year during the active years from 1999 to 2010, with

an average of 8 new fellows entering the program annually. As the number of applicants

to GCEP-GREEF per year ranged from 50 to 60, the total number of fellows supported was
determined primarily by the funds available for the GREF part of the GCEP program.

The GREEF fellows are listed in Appendix VI along with the years they received support
from the program, the degree awarded, the year the degree was awarded, and their DOE
mentors. Of the 94 GREF fellows, 68% (64) were female and 32% (30) were male. They
included 7 Hispanic Americans, 4 Asian Americans, 1 African American, and 1 Native
American. Most students were supported from 4 to 5 years on the GCEP GREF program after
being accepted into the program at the beginning of their second year in graduate school (see
Figure 2). Occasionally students with special issues were allowed to continue under GCEP
GREF funding for as much as 6-7 years with approval of the mentoring coordinators and the
review committee.

The GREEF fellows were recruited from the 40 participating doctoral granting institutions
listed in Table 5. The schools with the most GREF fellows were the University of California-
Berkeley (12), Stanford (9), the University of Illinois at Urbana-Champaign (7), and the
University of Wisconsin-Madison (6). The remaining 36 universities ranged from 1 to 3
fellows each. The GREF fellows conducted thesis research in one of the six major areas
of climate change research of interest to the DOE CESD: physics and chemistry of the
atmosphere (atmospheric science); optical properties of the atmosphere and radiative balance
(climate forcing); the response of biology and ecosystems to climate change (terrestrial

Figure 2. Number of years students were supported by the GCEP Graduate
Research Environmental Fellowship program from 1999 to 2013.

30

25 -

20

15

10 -

Number of Fellows

2 3 4 5 6 7

Years Supported
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Table 5. Doctoral granting institutions participating in the Graduate Research
Environmental Fellowships and the number of GREF fellows from each during the
years 1999-2013.

School Fellows School Fellows

Brown University 1 University of California, Irvine 2
Colorado State University 3 University of California, San Diego 1
Columbia University 2 University of California, Santa Barbara 1
Duke University 3 University of Chicago 1
Georgia Institute of Technology 2 University of Colorado, Boulder 2
Harvard University 1 University of Florida 1
Howard University 1 University of Houston 1
New Mexico Tech 1 University of lllinois at Chicago 1
Oregon State University 1 University of Illinois at Urbana-Champaign 7
Pennsylvania State University 3 University of lowa 1
Princeton University 2 University of Michigan 2
Purdue University 3 University of Minnesota, Twin Cities 2
Rutgers University 1 University of Notre Dame 1
Stanford University 9 University of Tennessee, Knoxville 2
State University of New York at Stony Brook 1 University of Texas at Austin 2
Texas A&M University 3 University of Utah 2
University of Alaska, Fairbanks 1 University of Virginia 1
University of Arizona 4 University of Washington 3
University of California, Berkeley 12 University of Wisconsin-Madison 6
University of California, Davis 1 Yale University 1

ecology); the uptake or release of carbon by soil, microbiology, and plants (carbon cycling);
numerical and computational prediction of climate change (climate modeling); and the
effects of climate change on society and possible mitigation strategies (climate policy). The
distribution of the GREF thesis projects among these major areas of climate change research
is shown in Figure 3. A comparison of Figures 1 and 3 shows a decrease in projects in the area
of atmospheric science and an increase in carbon cycling and modeling projects over those in
the SURE undergraduate program. This reflects the higher levels of preparation for the more
rigorous research areas in the graduate level students.

Each GREEF fellow conducted his/her research in collaboration with a DOE mentor from
one of the research institutions listed in Table 6. These included 12 DOE research facilities
and national laboratories and 13 universities with DOE-supported climate change research
activities. A total of 88% of the GREF fellows chose to work with mentors associated with the
DOE research facilities, while 15% worked with mentors located at a university (some GREF
fellows participated at more than one institution). The top selected research facilities were
the national laboratories starting with Oak Ridge National Laboratory, with 16 GREF fellows
collaborating closely with 11 participating mentors in terrestrial ecosystem and carbon cycle
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Figure 3. The distribution of GREF fellows thesis research projects among the
various areas of climate change research. AS = atmospheric science, CC = carbon
cycling, CF = climate forcing, CM = climate modeling, CP = climate policy, TE =
terrestrial ecology.

1%

science, earth systems modeling, and climate impacts. Argonne National Laboratory assisted
14 GREEF fellows with 8 participating mentors in atmospheric science, climate forcing, and
climate modeling. Pacific Northwest National Laboratory and their Environmental Molecular
Sciences Laboratory together collaborated with 14 GREF fellows (9 participating mentors),
and Lawrence Berkeley National Laboratory mentored 13 GREF fellows with 10 participating
mentors in climate forcing, and terrestrial ecology and carbon cycling. Eight GREF fellows
collaborated with 3 participating mentors at Brookhaven National Laboratory in carbon
cycling and aerosol climate effects. The GREF fellows that selected mentors at universities
were evenly distributed among the 13 participating universities.

The GCEP GREF program resulted in 87 doctoral degrees (with 8 expected to complete
in 2013 and 3 expected to complete in 2014) and 8 master’s degrees in climate-change-related
areas. The titles of the theses and dissertations authored by GCEP GREEF fellows are listed in
Appendix VII. The GREF fellows’ thesis research was featured in 810 publications and 665
oral or poster presentations. Of the 810 publications, 503 appeared in peer reviewed journals
and book chapters; among the presentations, 453 were given at national and international
scientific meetings. A complete list of the publications and presentations from the thesis
work of GREF fellows can be found in Appendix VIIL. It is interesting to note that many
publications and presentations were coauthored by the DOE mentors. This is an indication
of the close and highly productive collaborations established between the GREF fellows and

their DOE mentors.
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Table 6. Research institutions participating in the Graduate Research Environmental
Fellowship Program and the number of GREF fellows conducting collaborative
research with each institution during the years 1999-2013.

Research Facilities Fellows Universities Fellows

Aerodyne Research 3 Duke University 1
Argonne National Laboratory 14 Harvard University 1
Brookhaven National Laboratory 8 Michigan Tech 1
Center for Accelerator Mass Spectrometry 4 Notre Dame University 1
Environmental Molecular Sciences Laboratory | 8 Northern Arizona University 1
Los Alamos National Laboratory 5 University of Arkansas at Little Rock 2
Lawrence Berkeley National Laboratory 13 University of California, Berkeley 1
Lawrence Livermore National Laboratory 2 University of California, Davis 1
National Center for Atmospheric Research 1 University of California, Irvine 1
Oak Ridge National Laboratory 16 University of lowa 1
Pacific Northwest National Laboratory 6 University of Michigan 1
Woods Hole Oceanographic Institution 3 University of Minnesota 1
Total number of fellows at research facilities 83 University of Utah 1
Total number of fellows at universities 14

The mentoring coordinators maintained close contact with all GREF fellows as
they progressed through the program, received their degrees, and continued on to
seek employment in their chosen fields. This allowed the mentoring coordinators to
act effectively as references, as well as advisors, to the GREF fellows throughout their
career development. Mentoring coordinators wrote strong letters of recommendation for
successful GREF students in their search for suitable employment after graduation, further
ensuring student success. Short summaries of the histories and current status of the GREF
tellows can be found in Appendix IX. Of all the GREF fellows receiving their degrees prior
to 2013, only 2 have no record of their professional status after graduation. A distribution
of the types of positions currently held by former GREF fellows is shown in Figure 4. By
far the greatest numbers of fellows (58%) hold university positions, with 28% in faculty
positions, 23% in postdoctoral or research associate positions, and 7% in university staff
positions. The fellows holding government-funded positions are distributed among the
national laboratories (9%) and the various government agencies (7%) involved in climate
change activities. Positions held in the private sector consist of consulting (9%), private
research institutes (3%), and scientific organizations (4%). Only 10% of the former GREF
tellows are no longer employed in climate change activities. However, some of these are
involved in other environmentally related positions.
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Figure 4. The distribution of the types of positions currently held by former GREF
fellows. univ = university (faculty, staff, and postdoctoral), gov = government
(national laboratory and government agencies), priv = private sector (research
institutions, scientific organizations, and consulting), other = not employed in
climate change activities.




he Marvin L. Wesely

distinguished Graduate Research

Environmental Fellowship

Award was established in honor
of the late Dr. Marvin L. Wesely,
Argonne National Laboratory

Senior Meteorologist and Chief Scientist

of the DOE Atmospheric Chemistry Program. Dr.
Wesely mentored a number of SURE and GREF
fellows and was a strong supporter of the DOE Global
Change Program. In his memory, the Marvin L.
Wesely Fellowship was awarded for one-year periods
to current Graduate Research Environmental Fellows
(GREFs) who had made the best use of their DOE
mentors and facilities in improving the quality of their
thesis research efforts. The Marvin L. Wesely GREF
awardees are listed below with short descriptions of
their research accomplishments and interactions with
DOE that led to their receiving the award.

Heather U. Price was awarded the first Marvin
L. Wesely Graduate Research Environmental
Fellowship in 2003 for her collaborative research in
atmospheric chemistry. Heather was mentored by Dr.
Daniel Jaffe at the University of Washington, Seattle,
and Dr. Paul Doskey at Argonne National Laboratory.
Her research focused on the examination of volatile

Dr. Marvin L. Wesely,
May 5, 1944 - January
20, 2003 - Senior
Meteorologist, Argonne
National Laboratory
Chief Scientist, DOE
Atmospheric Chemistry
Program
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Heather U. Price, University of Washington, Seattle

organic carbon levels in the troposphere and made use of the state-of-the-art volatile organic
carbon analytical chemistry laboratory set up at Argonne National Laboratory by Dr. Doskey.
This research made use of ultraclean stainless evacuated canisters supplied by Dr. Doskey

to collect samples in the field followed by analysis at the Argonne facility by high resolution
gas chromatography. She also took an active role in the Texas 2000 and Phoenix 2001

field studies organized by the DOE Atmospheric Science Program where she collected and
analyzed samples for nonmethane hydrocarbons. Heather coauthored 15 publications and 12
presentations based on her thesis work. Of these, 4 papers and 7 presentations included both
her mentors, Paul Doskey and Daniel Jaffe, as coauthors.

Dr. Heather Price was a GREF fellow from 2000 to 2004. Following completion of her
PhD in chemistry in the spring of 2004 from the University of Washington, she pursued
further postdoctoral research as a Research Associate in Atmospheric Sciences at the
University of Washington from 2004 to 2006. She then served as an instructor of chemistry
at North Seattle Community College from 2006 to 2008. She is currently a chemistry faculty
member at Highline Community College in Des Moines, Washington, where she conducts
science seminars on the effects of climate change and is active in the local section of Women

in Science and Engineering.
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Steven D. Allison was awarded the
second Marvin L. Wesely Graduate Research
Environmental Fellowship in 2004. Steven Allison
was a fellow in the GCEP Graduate Research
Environmental Fellowship program from 2002
to 2005. His graduate research involved the study
of microbes in soils, which were found to release
enzymes that affected soil carbon and nutrient
turnover rates. He was mentored in his studies by
his thesis advisor at Stanford University, Professor
Peter Vitousek, and his DOE mentor, Dr. Julie
Jastrow, a leading soil ecologist at Argonne
National Laboratory. As part of his research,
Steven developed methods for enzyme assays
and conducted collaborative work at the prairie
restoration site at Fermi National Laboratory
with Dr. Jastrow and Dr. R. Michael Miller on Steven D. Allison, Stanford University
the microbial enzyme effects on grassland soil
aggregates. The GREF-supported efforts of Steven Allison yielded new insights into the
stabilities of carbon in soils that should aid in possible carbon sequestration strategies in the
near future. Steven’s thesis research resulted in 16 publications, 2 of which were coauthored by
both Dr. Vitousek and Dr. Jastrow.

After receiving his PhD in 2005, Dr. Steven Allison continued his research in this area of
interdisciplinary science as a postdoctoral scholar in Ecology and Evolutionary Biology and Earth
System Science at the University of California, Irvine from 2005 to 2007. Presently he is an assistant
professor with joint appointments in Ecology and Evolutionary Biology as well as Earth System
Science at the University of California, Irvine. His work at Irvine uses molecular, biochemical,
and theoretical approaches to understand how microbes regulate ecosystem processes. A major
focus of this work is modeling and empirically testing the factors that drive extracellular enzyme
production by microbes. Another goal is to incorporate microbial communities and processes into
large-scale biogeochemical models to predict ecosystem response to global change.

Erika Marin-Spiotta was selected to receive the third Marvin L. Wesely Graduate
Research Environmental Fellowship in 2005. Erika was a fellow in the GCEP Graduate
Research Environmental Fellowship program from 2002 to 2006 and received her PhD
in 2006. Her graduate research involved the study of how past land-use activities lead to
differences in carbon sequestration in soils as the systems return to their original ecosystems
after agricultural and/or pasture usage. Her studies involved work in tropical ecosystems that
were selected for study in Puerto Rico. Erika was mentored by her thesis advisor, Professor
Whendee L. Silver, in the Ecosystems Sciences Division in the Department of Environmental
Science, Policy and Management at the University of California-Berkeley, and by Dr. Margaret
Torn of Lawrence Berkeley National Laboratory. As part of her research, Erika applied
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isotopic methods for determining carbon turnover
rates using both stable carbon isotopes and
radiocarbon measurements and made excellent use
of the DOE facilities at Lawrence Berkeley National
Laboratory and at the Center for Accelerator Mass
Spectroscopy at Lawrence Livermore National
Laboratory for 14C determinations. Erika

also made use of the 13C NMR facilities at the
Environmental Molecular Science Laboratory at
Pacific Northwest National Laboratory to examine
weathered tropical soils under land use change.
Her thesis research resulted in 8 publications, of
which 2 were coauthored by both Dr. Silver and
Dr. Torn. The GREF-supported efforts of Erika
Marin-Spiotta yielded new insights into the soils
of tropical ecosystems as a function of land-use
history that are now aiding in the development of ~ Erika Marin-Spiotta, University of
improved carbon sequestration strategies and land ~California-Berkeley

management in the tropics.

Dr. Marin-Spiotta is an assistant professor of geography at the University of Wisconsin,
Madison, and is continuing her research in land-use practices and their impacts on
biogeochemistry and climate. Dr. Marin-Spiotta’s current research integrates field and
laboratory experimental work across different scales, from landscape-level effects of changes
in land use on species composition and carbon pools, to molecular changes in organic matter
chemistry. She seeks a better understanding of the underlying mechanisms controlling
stabilization and losses of organic matter and elements within and across ecosystems. She
still uses stable and radioisotope techniques to quantify process rates, accessing the DOE
facilities at Lawrence Livermore National Laboratory through a former GREF fellow, Dr.
Jennifer Pett-Ridge, Staff Scientist in the Chemical Sciences Division, Lawrence Livermore
National Laboratory.

The Marvin L. Wesely Graduate Research Environmental Fellow for 2006 was Cynthia
A. Randles of Princeton University. Cynthia was a fellow in the Summer Undergraduate
Research Experience (SURE) program from 1999 to 2000 and a fellow of the Graduate
Research Environmental Fellowship program from 2002 to 2007. Dr. V. Ramaswamy of
Princeton University and the Geophysical and Fluid Dynamics Laboratory of NOAA was her
thesis advisor, and Dr. Stephen E. Schwartz, Chief Scientist for the DOE Atmospheric Science
Program, acted as her DOE mentor. Her research focused on the role of aerosols in climate
forcing with particular emphasis on carbonaceous aerosols. Cynthia’s research involved
the modification and application of global and regional models to examine the sensitivity
of aerosol absorption to black carbon levels under a variety of scenarios. Her numerical
modeling studies examined the role of aerosols impacting Asia.
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Cynthia A. Randles, Princeton
University

She completed her PhD in atmospheric
and oceanic sciences in the Department of
Geosciences at Princeton University in 2007.

In 2008, Dr. Randles received a Goddard
Visiting Fellowship from the Goddard Earth
Sciences and Technology Center at the
University of Maryland, Baltimore County,

to work with Dr. Peter Colarco in the NASA
Goddard Atmospheric Chemistry and
Dynamics Branch. During her time as a fellow,
Dr. Randles worked to implement and examine
the semidirect aerosol effect in the NASA
GEOS-5 general circulation model. In 2009, she
was awarded a NASA postdoctoral fellowship
to continue her work examining aerosol-
climate interactions in GEOS-5. Dr. Randles
joined Goddard Earth Sciences Technology
and Research in 2011 as an assistant research
scientist. She is currently working to improve

the representation of aerosol optical properties in GEOS-5 while continuing to investigate

aerosol-climate interactions.

The Marvin L. Wesely Graduate Research
Environmental Fellow for 2007 was Colleen
M. Iverson of the University of Tennessee.

Colleen was a fellow of the Graduate Research

Environmental Fellowship program from
2005 to 2008. She completed her PhD in
ecology and evolutionary biology in 2008.
Colleen’s research examined the importance
of carbon storage in forests and discovered
that excess carbon uptake was not allocated
to the wood of the tree, but actually was
involved in forming fine roots. Colleen’s

thesis adviser was Professor Aimee Classen of

the University of Tennessee, Knoxville, and
her DOE mentor was Dr. Richard Norby of
Oak Ridge National Laboratory. Her studies
made use of the Free-Air CO2 Enrichment
(FACE) experiment at Oak Ridge National
Laboratory’s forested sweet gum plantation
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Colleen M. Iverson, University
of Tennessee, Knoxville
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research site. She also worked in collaboration with Dr. Julie Jastrow and Dr. R. Michael Miller
of Argonne National Laboratory, who extended this work to examine the relationship between
decomposing roots and the soil structure including soil micro- and macro-aggregates.
Colleen’s thesis research resulted in 11 publications, 7 of which were coauthored by Dr. Norby.
This research was part of the overall work on carbon sequestration by natural terrestrial
ecosystems that could help mitigate the overall impacts of increased carbon dioxide levels in
the atmosphere from fossil fuel combustion. Colleen’s findings point to the need to determine
how this carbon pool behaves as soil nutrients become limited and how this pool may change
in the future as CO2 levels increase and climate changes.

The close collaboration with Dr. Norby during her thesis research led to Dr. Iverson
obtaining a postdoctoral research associate position in the Environmental Sciences Division
at Oak Ridge National Laboratory in 2008 where she conducted research in climate impacts
on ecosystems. Dr. Iverson is currently a staff scientist in the Environmental Sciences Division
at Oak Ridge National Laboratory and is continuing her studies of the root-soil interface to
investigate how atmospheric and climatic change alters belowground carbon and nutrient
cycling in order to understand and predict how ecosystems are shaped by climatic change.

The Marvin L. Wesely Graduate Research
Environmental Fellow for 2008 was Sarah L.
O’Brien of the University of Illinois at Chicago.
Sarah was a fellow of the Graduate Research
Environmental Fellowship program from 2005 to
2010. She was mentored by her thesis adviser, Dr.
Miguel Gonzalez-Meler of the University of Illinois
at Chicago, and by Dr. Julie Jastrow of Argonne
National Laboratory. Sarah’s research examined
the relationships between land-use change and
recovery for farm land to tall-grass prairies. Her
studies of the various land-use changes made use
of the tall-grass restoration project at the Fermi
National Laboratory. This site enabled the study
of the effects of converting prairie land to farm
Sarah L. O’Brien, University land and then back to tall-grass prairie on the
of lllinois at Chicago carbon soil levels. She measured organic matter

distributions in soil aggregates of the various time
sequenced restored prairies at the Fermi site that included soil samples taken since 1985
archived at the soil science laboratory at Argonne National Laboratory. The examination
of soil carbon as a function of time for the various land types and their response to change
from farm to prairie clearly indicated that more carbon could be stored in prairies, leading
to continued examination of land use as a potential means of carbon sequestration and
reduction of fossil carbon dioxide impacts through increased terrestrial uptake. This work
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focused on the input of carbon primarily via roots and root decomposition to soil, which
was studied as a potentially important carbon sequestration process. Sarah’s thesis research
resulted in 10 publications, 8 of which were coauthored by Dr. Jastrow.

Sarah received her PhD in biological sciences at the University of Illinois at Chicago in 2010.
The close collaboration with Dr. Jastrow led to Dr. O’Brien obtaining a postdoctoral research
associate position in the Biosciences Division at Argonne National Laboratory in 2010 where
she conducts research in microbial control of soil carbon cycling.

The Marvin L. Wesely Graduate
Research Environmental Fellow for
2009 was Emily V. Fischer. Emily
was a fellow in the GCEP Graduate
Research Environmental Fellowship
program from 2007 to 2010. Emily’s
thesis adviser was Dr. Daniel Jaffe
of the University of Washington,
Seattle, and her DOE mentors
were Dr. Jeffrey S. Gaffney and Dr.
Nancy A. Marley of the University
of Arkansas at Little Rock. Her
research involved the study of long-
range transport of aerosols and
trace gases from Asia to the
continental United States.
Measurements of aerosol optical
properties were made at Mount
Bachelor in central Oregon, a site
located 9,000 feet above sea level,
and aerosol chemical composition
was determined by x-ray Emily V. Fischer, University of Washington,
fluorescence in collaboration with ~ Seattle
he University of Arkansas at
Little Rock. These results were used in conjunction with meteorological modeling to
determine the long-range back trajectories and thus assess the sources of the aerosols. Emily
also examined the transport of associated photochemical oxidants such as peroxyacetyl
nitrate (PAN) as a means of demonstrating the “age” of the air mass. Emily’s thesis work
revealed that aerosols from both deserts and forest fires are transported from Asia to the U.S.
western coast. These results suggest the use of longer lifetimes for aerosols in climate models
to better determine climate impacts of aerosols, and also suggest the need for global control
of carbonaceous soots that can be transported thousands of miles.

Since receiving her PhD in 2010, Dr. Fischer completed an NOAA climate and global
change postdoctoral fellowship at Harvard University where she investigated the processes
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that redistribute anthropogenic reactive nitrogen to remote regions. She is currently an
assistant professor of atmospheric science at Colorado State University. Her research uses
both field-based and applied modeling approaches to investigate the sources of atmospheric
trace gases in remote environments. An underlying goal of her work is to improve our
understanding of the role of climate in determining the atmosphere’s self-cleansing capacity.

Adam P. Bateman was selected to
receive the Marvin L. Wesely Graduate
Research Environmental Fellowship in
2010. Adam was a fellow in the GCEP
Graduate Research Environmental
Fellowship program from 2008 to 2011
and received his PhD in chemistry in
2011. Adam’s thesis adviser was Dr. Sergey
Nizkorodov of the University of California-
Irvine, and his DOE mentors were Drs.
Alex and Julia Laskin of Pacific Northwest
National Laboratory. His thesis research
addressed the chemical composition of
secondary organic aerosols, a focus area of
the DOE Atmospheric Science Program.
While natural emissions from biota,
including forests, and volatile organic
emissions from fossil fuel combustion
were well known to produce haze, the
detailed chemical composition of these light
scattering and absorbing aerosols were not ~ Adam P. Bateman, University of
well understood. Adam’s research involved ~ California-Irvine
the photochemical generation of secondary
organic aerosols in a laboratory reaction chamber and the detailed determination of their chemical
composition with state-of-the-art mass spectroscopic methods available at Pacific Northwest
National Laboratory’s Environmental Molecular Science Laboratory. This work resulted in 10
publications coauthored with Drs. Alex and Julia Laskin. Identification of
the chemical functional groups and specific molecules in the complex mixtures of secondary
organic aerosols allowed for better estimation of their potential sinks (photochemical and wet
removal) and thus their atmospheric lifetimes. These results will be used in climate models to
better determine the potential regional and global effects of secondary organic aerosols on climate.

Dr. Bateman is currently a postdoctoral research fellow in environmental science and
engineering at Harvard University working with Dr. Scot Martin who is supported by the
DOE Atmospheric Systems Research program. His research examines formation of particles
from biological emissions in the Amazon Basin and the ability of those particles to influence
cloud formation.

©
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Melissa A. Cregger was selected as the
2011 Marvin L. Wesely Graduate Research
Fellow for her work in terrestrial ecology.
Melissa was a fellow in the GCEP Graduate
Research Environmental Fellowship program
from 2009 to 2012 and received her PhD in
ecology and evolutionary biology in 2012. Her
thesis mentor was Dr. Aimee Classen of the
University of Tennessee at Knoxville, and her
DOE mentor was Dr. Nathan McDowell of Los
Alamos National Laboratory. Melissa’s research
involved the examination of the effects of
drought on microbial soil communities in
semiarid systems in the southwestern United
States. Her research also explored how climate
Melissa A. Cregger, University of change could
Tennessee, Knoxville impact litter biomass and nutrient recycling

in these ecosystems. These studies addressed
an important region of the United States that was not well understood in terms of microbial
communities and the impacts of changing climate on their role in the overall ecosystem
structure and function. Melissa made use of the pinion-juniper woodlands at Harvard Forest
to conduct a warming experiment examining how warming altered potential extracellular
enzymatic activity in the soil and the rate of decomposition. The results showed that, while
warming altered microbial community structure, the observed changes did not scale up to
alter the rates of decomposition. This work took advantage of the advances in metagenomic
techniques, which evolved from the DOE Genome Program in climate change research.

Dr. Melissa Cregger is currently a postdoctoral research associate at the Institute for
Genomic Biology at the University of Illinois at Urbana-Champaign. Her research focuses on
understanding how microbial community composition influences ecosystem function, and
what role microbial diversity plays in ecosystem functioning. This work continues to make use
of metagenomic techniques to evaluate microbial communities and to identify variation in
microbial community composition in response to abiotic and biotic drivers.







major lesson learned over the 14 years in GCEP is that a
successful climate change education program needs to have good
communication between the students and mentors. This is a

necessary element at both undergraduate and graduate levels, and
student success can be directly related to the strength of the mentor
- student relationship. In addition, having mentoring coordinators

who are active members of the climate change research community and
knowledgeable in all areas of climate science covered by the program yields significant
advantages for the overall program. These advantages include the ability to counsel students
in choosing the appropriate mentor to guide their scientific efforts and enrich their overall
experience in the program, as well as the ability to recruit expert lecturers in each area for
student orientations, which sets a high-level, professional atmosphere for the students at
the beginning of their experience. Also, mentoring coordinators need to be dedicated to the
program and willing to talk to students, answer email questions, and return phone calls in
a timely manner and continue to act as an advisor for the students during and after their
tenure in the program. This includes writing letters of recommendation for graduate schools,
jobs, postdoctoral p