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35  Abstract

36 This article provides an overview of the Advanced Study Institute: Field Studies of
37  Convection in Argentina (ASI-FSCA) program, a 3-week dynamic and collaborative hands-on
38  experience that allowed 16 highly motivated and diverse graduate students from the U.S. to
39 participate in the 2018-19 Remote sensing of Electrification, Lightning, And
40  Mesoscale/microscale Processes with Adaptive Ground Observations (RELAMPAGO) field
41  campaign. This program is unique as it represents the first effort to integrate an intensive Advanced
42  Study Institute with a field campaign in atmospheric science. ASI-FSCA activities and successful
43  program outcomes for five key elements are described: (1) Intensive field research with field
44  campaign instrumentation platforms; (2) Recruitment of diverse graduate students who would not
45  otherwise have opportunities to participate in intensive field research; (3) Tailored curriculum
46  focused on scientific understanding of cloud and mesoscale processes and professional/academic
47  development topics; (4) Outreach to local K-12 schools and the general public; and (5) Building a
48  collaborative international research network to promote weather and climate research. These five
49  elements served to increase motivation and improve confidence and self-efficacy of students to
50 participate in scientific research and field work with goals of increasing retention and a sense of
51  belonging in STEM graduate programs and advancing the careers of students from
52  underrepresented groups as evidenced by a formal program evaluation effort. Given the success of
53  the ASI-FSCA program, our team strongly recommends considering this model for expanding the
54  opportunities for a broader and more diverse student community to participate in dynamic and
55 intensive field work in atmospheric science.

56
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57  BAMS Capsule: The ASI-FSCA program allowed 16 graduate students to participate in the
58 RELAMPAGO field campaign and provides a model for improving access to the unique
59  environments in field campaigns.
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80  Introduction
81 Many successful scientists in atmospheric science were drawn into this area of study
82  through participation in field campaigns, often when they were students. Atmospheric science has
83 along history of including both graduate and undergraduate students in field campaigns to provide
84  scientific training, career-broadening, and networking opportunities (Hallett et al. 1990; Stith and
85  Rogers 2004; Rauber et al. 2007; Kristovich et al. 2017). For example, the leaders of the Rain in
86  Cumulus over the Ocean (RICO) field campaign developed a robust educational plan that included
87  having students direct a complete scientific mission for the first time (Rauber et al. 2007).
88  Airborne, ground-based, and ship-based platforms have all been used in educational efforts to
89 include graduate and undergraduate students in field research (Fabry et al. 1995; Hallett et al. 1993;
90 Borys and Wetzel 1997; Wetzel et al. 2003; Rauber et al. 2007; Kristovich et al. 2017).
91 Building on this tradition, the leadership of the RELAMPAGO (Remote sensing of
92  Electrification, Lightning, And Mesoscale/microscale Processes with Adaptive Ground
93  Observations) field campaign (Nesbitt et al. 2021) created a robust and unique plan to include
94  students from diverse backgrounds and institutions in a facilitated Advanced Study Institute - the
95  first of its kind associated with a field campaign in atmospheric science. Advanced Study
96 Institutes (ASI) are funded by the National Science Foundation’s (NSF) International Research
97  Experiences for Students (IRES) program and are short 3-week courses intended to “engage
98 advanced graduate students in active learning and research at the frontiers of knowledge” (NSF
99 IRES solicitation). The RELAMPAGO field campaign was conducted from 1 November — 15
100  December 2018 in west central Argentina and, to date, has been the largest land-based international
101  field campaign conducted in atmospheric science (Nesbitt et al. 2021). This region arguably has

102 among the most intense convective systems in the world with respect to the frequency of large
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103  hail, high storm tops, and extreme lightning activity (Zipser et al. 2006; Houze et al. 2015;
104  Rasmussen et al. 2014; Rasmussen and Houze 2011, 2016), yet the processes that give rise to such
105 extremes are unclear because of a scarcity of observations. Given the critical role of clouds in
106  Earth’s climate system in determining a large proportion of water and energy budgets (Allen and
107  Ingram 2002), a greater understanding of cloud and mesoscale processes in remote regions of the
108 globe is important for understanding the global distribution and impacts of convective storms
109  (Zipser et al. 2006; Houze et al. 2015).

110 Although some opportunities for undergraduate and graduate student participation in field
111 research are sometimes available (e.g., the Saharan Dust AERosols and Ocean Science Expeditions
112 (AEROSE) program?), major international field campaigns of this type do not happen often and
113 are typically only accessible to student advisees of the campaign Principal Investigators (PIs). It is
114  often the case that students from institutions that do not typically conduct field work (e.g., smaller
115  atmospheric science programs, Minority Serving Institutions or MSIs), or those doing
116  computational or theoretical research projects, may not have the opportunity to participate in a
117  major field campaign in an international setting. When students are given the opportunity for
118  hands-on research through lab or field activities, many students excel and rapidly expand their
119  interest in research (Dahlberg et al. 2008), regardless of their background. The International
120  Institute of Education’s 2009 report, Promoting Study Abroad in Science and Technology Fields,
121 says “curricular innovation, international collaborative research, development of dual/joint-degree
122  programs across borders and distance learning will all be needed to provide students with an
123  international perspective and to produce globally competent professionals.” Given the significant

124  benefits of participating in international field work, including networking and career-advancement

2 http://ncas.howard.edu/research-programs/aerose/
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125  opportunities, the primary goals of the Advanced Study Institute: Field Studies of Convection in
126  Argentina (ASI-FSCA) program were to provide a dynamic and highly collaborative
127  international research experience for 16 diverse and motivated graduate students to promote
128  career advancement through professional development activities, participate in intensive field
129  research, improve scientific understanding of cloud and mesoscale processes of the atmosphere,
130  and interact with the local community and K-12 students to communicate the science of
131 RELAMPAGO. In addition, these elements serve to increase motivation and improve self-
132 confidence of students to participate in scientific research and field work with goals of increasing
133  retention in STEM graduate programs and advancing the careers of students from
134  underrepresented groups.

135

136  ASI-FSCA Overview

137 With support from the NSF International Research Experiences for Students (IRES)
138  program, the ASI-FSCA program provided an opportunity for 16 graduate students from diverse
139  backgrounds and a wide variety of institutions to participate in the RELAMPAGO field campaign
140  in Argentina for 21 days in November 2018 (Figure 1). The ASI-FSCA program was coordinated
141 by U.S.-based atmospheric scientists involved in RELAMPAGO (Table 1). The ASI-FSCA
142  program provided a dynamic and highly collaborative international research experience by
143  focusing on five key elements: (i) intensive field research with active field campaign
144  instrumentation platforms under the guidance of the instrument PIs; (ii) recruitment of diverse
145  graduate students, including those from underrepresented groups in the geosciences, first
146  generation, and from MSIs, who would not otherwise have opportunities to participate in intensive

147  field research; (iii) tailored curriculum focused on scientific understanding of cloud and mesoscale
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148  processes of the atmosphere and professional/academic development topics; (iv) outreach to the
149  local K-12 schools and organized cultural activities; and (v) building a collaborative international
150  research network between the U.S., Argentina, and Brazil to promote weather and climate
151  research.

152 One of the primary goals of the ASI-FSCA program was to recruit diverse graduate
153  students, including students from smaller atmospheric science programs and minority serving
154  institutions (MSIs), including Hispanic serving institutions (HSIs) and historically Black colleges
155  and Universities (HBCUs), who would potentially not have opportunities to participate in intensive
156  field research through their home institutions. We also aimed to build a cohort with other diversity
157  metrics, including gender, historically underrepresented groups in the geosciences, first
158  generation, and a broad representation of institutions. A partnership with the National Center for
159  Atmospheric Research (NCAR)’s Advanced Study Program (ASP), in collaboration with the
160  Significant Opportunities in Atmospheric Research and Science (SOARS) Program, helped recruit
161  graduate students from diverse backgrounds. Both programs have a history of success in recruiting
162  and mentoring diverse students, graduate visitors, and postdoctoral fellows. NCAR-ASP led the
163  recruitment efforts by advertising the opportunity on the ASP website, via social media, with
164  professional societies such as AMS and the Society for Advancement of Chicanos/Hispanics and
165  Native Americans in Science (SACNAS), through the ASP and SOARS Program alumni networks
166 - many include faculty at smaller colleges and MSIs -, and through UCAR member organizations.
167 Recruiting through these extensive networks provided a set of student applications from a
168  wide range of backgrounds. However, out of 46 applications, we only received three applications
169  from students at HSIs and no applications from students at HBCUs, despite advertising at several

170  HBCU institutions. The remainder of the students who applied to the program were from well-
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171 established programs in atmospheric science of varying sizes. With that being said, many ASI-
172  FSCA students of color attend larger PWIs (primarily white institutions). The experience as a
173  student of color or from another historically underrepresented group can be challenging at large
174  PWIs. Although we did not have as many students who were from Minority Serving Institutions
175 as hoped, recruiting diverse students from PWI schools can provide them with a sense of
176  community and belonging, and in addition access to other opportunities that they may not have
177  had otherwise.

178 Students submitted applications to the program and included (1) information on prior
179  participation in field campaign opportunities, (2) a personal statement on what they hoped to gain
180  from the ASI and field experience, (3) what it would mean to them to participate in an international
181  field school and campaign, (4) how their participation in the ASI would help with their graduate
182  school journey and career aspirations, and (5) preferences for instrumentation platform
183  placements. The ASI-FSCA leadership team and one outside member (total of six people)
184  participated in a two-part review process to select applications. Evaluation criteria for the selection
185  of students included a priority for students with no prior field campaign experience to maximize
186  the impact of the program, representation of schools (including MSIs, HSIs, and HBCUs),
187  demographics, and a balance of instrument platform preferences. The first round consisted of a
188  process where each application was reviewed by a minimum of four evaluators based on the
189  criteria mentioned above. Dr. Rasmussen evaluated all of the applications to ensure consistency in
190 the selection process. Once the first round was completed, the second round of evaluations was
191  conducted as a phone call in which all reviewers were present. The committee discussed how each
192  student would fit into the overall ASI objectives and used the evaluation criteria described

193  previously to meet our diversity goals from the applications we received. The demographics of the
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194 16 graduate student participants selected for the ASI-FSCA program included attracting students
195  from historically underrepresented groups in STEM (50% female, 13% LGBTQ, 25%
196  Hispanic/Latino, 38% 1st generation students, 7% American Indian/Alaska Native, and 7%
197  African American), from 13 different institutions including three MSIs highlighted in italics
198  (Colorado State University, Columbia University, Louisiana State University, Massachusetts
199  Institute of Technology, Montana State University, Pennsylvania State University, San Jose State,
200  University at Albany, University of California Santa Barbara, University of Kansas, University
201 of Oklahoma, University of Texas El Paso, University Wisconsin-Madison), and 50% M.S. and
202  50% Ph.D. students.

203 In preparation for the field campaign, students participated in four workshops to build their
204  scientific and cultural knowledge prior to traveling to Argentina. Topics of the workshops
205 included: (1) The Science of RELAMPAGO (10 September 2018); (2) Instrumentation Overview
206 (24 September 2018); (3) Professional Development (8 October 2018); (4) Cultural Overview (22
207  October 2018). These four lectures served as important and necessary preparation for the scientific
208  and cultural aspects of the international RELAMPAGQO field campaign. In addition, students were
209  provided with a Spanish language summary document of commonly used phrases prior to their
210  departure for Argentina to assist with in-country communication.

211 Once the students arrived in Cordoba, Argentina at the start of the RELAMPAGO
212 campaign, the intensive and immersive ASI-FSCA program included coordinated educational and
213  scientific activities with RELAMPAGO instrument facilities, as well as those from the Department
214  of Energy (DOE) Clouds, Aerosols, and Complex Terrain Interactions complementary field
215  campaign (CACTTI; Varble et al. 2021). This wide variety of activities included instrument training

216  sessions, scientific seminars/lectures, professional development activities, direct integration with
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217  the field campaign observational teams, a field trip to visit the DOE G-1 aircraft (Fig. 1b), and
218  cultural exchange opportunities with local K-12 students. A summary of the scientific and
219  professional development lectures given during the ASI-FSCA program is provided in Table 2. At
220 the start of the program, the students participated in facilitated team-building sessions with an
221  external expert (https://www.yarbgroup.com) and the RELAMPAGO Code of Conduct and Sexual
222  Harassment training session led by RELAMPAGO leadership (Fischer et al. 2021). During the
223  project, the students attended all RELAMPAGO campaign forecast briefings that occurred daily
224  at 9am and 5pm local time. In addition to the planned activities, networking with the instrument
225 teams and RELAMPAGO scientists was an opportunity for the students in building their
226  professional networks. To synthesize their field experience, the students gave a short 5-minute
227  presentation at the end of the program on the observations they collected and any insights into the
228  science of RELAMPAGO gained during their immersive time in the field.

229 The program culminated with an ASI-FSCA Fall workshop one year after the field
230  campaign in October 2019 in Boulder, CO. Fourteen of the 16 students who participated in the
231 field campaign were able to attend the workshop. The workshop focused on professional
232  development activities, research discussions, and career-oriented panels that were not possible in
233  the short 3-week intensive program in Argentina (Table 3).

234

235  ASI-FSCA Objectives

236 The ASI-FSCA program was the first NSF-IRES funded Advanced Study Institute
237  conducted in concert with a major international field campaign in atmospheric science. A robust

238  curriculum and syllabus (available at https://rasmussen.atmos.colostate.edu/asi/) were developed

10
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to ensure positive and meaningful outcomes for all student participants. The primary objectives of

the ASI-FSCA were as follows:

1.

10.

Recruit a diverse set of graduate students who would not otherwise have opportunities to
participate in intensive international field research.

Teach students how to observe the atmosphere through operation of a variety of state-of-
the-art instruments and conduct successful field research to collect high-quality data during
the RELAMPAGQO field campaign.

Provide active learning experiences on how multi-platform field campaigns are conducted
in terms of understanding the complex communications and decision-making from
experienced Pls such that this group can become future leaders in this field.

Professional networking with top scientists in atmospheric science that can provide future
employment and collaboration opportunities.

Increase students’ knowledge of cloud physics, mesoscale dynamics, convective weather
forecasting, and mountain meteorology.

Guide students to complete a student-led project during the ASI that may include
observations from their field experience instrument platform.

Enhance the students’ professional and academic development.

Build a collaborative international network of young scientists between the U.S.,
Argentina, and Brazil to promote weather and climate research.

Increase student motivation and self-confidence in scientific research and field work.
Increase retention in STEM graduate programs and further the careers of underrepresented

student groups.

11



261  These objectives were developed to enhance the students’ scientific identity and self-confidence
262  (Carlone and Johnson 2007; Cooper et al. 2019), encourage persistence through graduate school
263 and in STEM careers (Trott et al. 2020), and provide deeper insight into the research process
264  associated with field campaigns (Trott et al. 2020) as has been found for long-term student
265 outcomes for undergraduate students participating in coordinated research opportunities (e.g.,
266  Research Experiences for Undergraduates programs).

267

268 RELAMPAGO Field Campaign

269 The NSF-sponsored RELAMPAGO field campaign was conducted from 1 November — 15
270  December 2018 in west central Argentina in the general vicinity of the Sierras de Cérdoba and the
271 Andes foothills (Nesbitt et al. 2021). RELAMPAGQO, leveraging the repeatability of storms in the
272  region, aimed to address science questions related to the pre-initiation to initiation, initial
273  organization/severe-weather generation, and growth/backbuilding stages of storm development,
274  all of which are poorly understood. New insights into connections between the extreme
275  hydroclimate, high impact weather, and atmospheric dynamical processes in meteorological and
276  geographical settings unique to this region were obtained by bringing together NSF facilities with
277 (1) new operational dual-polarization radars in Argentina, (2) significant contributions from
278  Argentina, Brazil, Chile, NOAA, and NASA, and (3) a major, complementary U.S. DOE field
279  campaign (CACTI). For more details on the RELAMPAGO field campaign, see Nesbitt et al.
280  (2021), and for more details on CACTI, see Varble et al. (2021).

281

282  From beginner to expert: Collecting and analyzing observations during RELAMPAGO

12
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283 A primary component of the ASI-FSCA educational and research experience (ASI-FSCA
284  program goals 2-3) included each student being placed with an observational platform or the
285 international forecasting team involved in RELAMPAGO. Students were placed with the
286  following instrument platforms: Radars (Colorado State University’s C-band radar; Center for
287  Severe Weather Research’s Doppler-on-Wheels X-band (Fig. 3b) and C-band-on-Wheels (COW)
288 radars), mesonet/sounding teams (mobile teams launching weather balloons and collecting in-situ
289  weather observations; Fig. 2), lightning team (Lightning Mapping Array observations; Lang et al.
290  2020; Fig. 3d), hydrometeorology team (acoustic doppler current profiler; Fig. 3a), and real-time
291  data analysis and interpretation in the RELAMPAGO Operations Center (Fig. 3c). The students
292  were assigned to an instrument platform or forecasting team based on their previously stated
293  preferences and helped conduct RELAMPAGO operations. Due to the length of the program and
294  training required for each platform, each student was placed with one platform. However, if time
295 permitted the students to work with more than one observational platform, this activity was
296  encouraged to broaden their experiences. These experiences provided an opportunity for the
297  students to work with diverse and international teams that exemplifies that productive and
298 innovative science benefits from diverse teams (McLeod et al., 1996) and generally met the ASI-
299 FSCA goals 2,3,4,5,7,8,and 9.

300

301  Learning from the scientists: ASI-FSCA scientific seminar series

302 One advantage of hosting the ASI-FSCA program alongside the RELAMPAGO field
303  campaign was the unique opportunity to interact with and learn from a wide range of scientific
304  experts (Table 1). To achieve the ASI-FSCA program objectives (ASI-FSCA goals 2, 4, and 5), a

305 seminar series with 12 in-field lectures was organized and took place during the 3-week ASI-FSCA

13
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306  program in Argentina (Table 2). While a schedule was created for the 3-week program, flexibility
307  was critical - as the formation of severe storms sometimes meant scientists and students needed to
308 rapidly deploy on field missions and thus the lectures were rescheduled. The lecture topics
309 included a general introduction to the science of RELAMPAGO and continued with more specific
310 topics such as mesoscale convective systems, lightning, low-level jets, radar meteorology, and
311 hydrometeorology. Scientists incorporated RELAMPAGO-related themes into most of the
312  presentations and the Powerpoint slides were made available to the students after the ASI-FSCA
313  program through a shared Google drive folder and at the following ASI-FSCA website:
314  https://rasmussen.atmos.colostate.edu/asi/index.php.

315

316  Learning from the experts: Professional development

317 Experts on scientific education, outreach, and career development formed an intentional
318 and major part of the ASI-FSCA leadership team (Table 1). Access to and availability of
319  professional development and career-enhancing training is not the same for all students across
320 institutions in the U.S. A key component of the ASI-FSCA program was to integrate a variety of
321  professional development lectures and activities into the curriculum to meet our program
322  objectives (Fig. 4; ASI-FSCA goals 4, 6, 7, 9, 10). The lectures began with a student-requested
323  session on stress-management and culture shock, and continued with discussions on building a
324  supportive network and finding mentors, how to represent the ASI-FSCA experience on your
325  curriculum vitae/resume, and science communication (Table 2). In response to feedback from the
326  students, the ASI-FSCA Fall 2019 Workshop was organized to provide enhanced professional
327  development opportunities and career perspectives for the students (Table 3). Professional

328  development lectures during the workshop focused on scientific writing and communication, how

14
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329  to think like a scientist, time management skills, finding and applying for academic/research jobs,
330 work-life balance, and mentor mapping and beyond, as well as networking opportunities. In
331  addition, two career panels were organized that focused on (1) postdoctoral researchers and (2)
332  careers in atmospheric science that included a wide range of scientists from the public, private,
333  and government sectors.

334

335  Cultural Immersion and Science Outreach

336 As the first international travel experience for several of the ASI-FSCA students, the
337 program in Argentina provided students with cultural broadening and opportunities for
338  professional networking and outreach to K-12 students in the local community. RELAMPAGO
339  student participants from Argentina and Brazil were invited to all ASI-FSCA lectures and outreach
340 events to facilitate networking and cross-cultural discussions among the students (estimated at ~25
341  additional participants). ASI-FSCA leadership created bilingual brochures and handouts that
342  provided an overview about the field campaign and general atmospheric science topics (i.e., hail,
343  tornadoes, thunderstorms). These materials were widely distributed by RELAMPAGO students
344  and scientists when conducting field work, at outreach events, and to the local community who
345  often inquired about instruments operating on roadsides during operations.

346 ASI-FSCA students interacted with the local community, experienced cultural activities in
347  Villa Carlos Paz, Argentina, and were active participants in the K-12 outreach activities organized
348 by RELAMPAGO leadership (ASI-FSCA goals 7-10). As is described in Nesbitt et al. (2021), the
349 RELAMPAGO outreach program included a media day and Open House for K-12 students to
350 explore various RELAMPAGO instruments (Fig. 5a) prior to the start of the field campaign, and

351  four K-12 outreach events at local schools (Fig. 5b) organized by Prof. Carlos Marcelo Garcia of
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352  the University of Cordoba. It is estimated that a total of 2,000 K-12 students were reached by the
353 RELAMPAGO outreach program (Nesbitt et al. 2021) and the ASI-FSCA students and leadership
354  participated in all of these events.

355 Finally, the ASI-FSCA program partnered with the NCAR Explorer Series program, which
356  was created in 2016. The goals of the program are to share science conducted at NCAR and
357  partnering institutions, to inspire, inform, and engage the public in society-relevant research and
358  studies of atmospheric and related scientific phenomena. The NCAR Explorer Series consists of
359  monthly lectures, expert panels, and short science videos that have attracted hundreds of attendees
360 at in-person and virtual events, and have received several thousand views on YouTube. A total of
361  eight three-minute videos were filmed during the RELAMPAGO field campaign. These videos
362  highlight the science of RELAMPAGQO, the science and engineering challenges of field work, and
363  feature the scientists, engineers, technicians, and students who participated and led different
364 components of the field campaign, with interviews in both English and Spanish
365  (http://bit.ly/NCAR_ExplorerSeries FieldCampaigns RELAMPAGO). In addition, a short video
366  profiled the ASI-FSCA program (http://bit.ly/RELAMPAGO-ASI-Program), including interviews
367  with student participants and the leadership team.

368

369  Student experiences

370 The ASI student objectives were as follows:

371 1. Enhance basic knowledge on cloud and mesoscale processes and mountain meteorology.
372 2. Participate in a major international field campaign at the frontier of atmospheric research.
373 3. Operate and collect data from an instrument platform or participate in forecasting during
374 a major field campaign.

16
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375 4. Develop advanced professional development skills for transitioning to the next stage of
376 their career

377  To evaluate the experiences of the ASI-FSCA students, an external evaluator with the Colorado
378  State University STEM Center implemented three surveys that were conducted several weeks
379  before the ASI-FSCA program began, several weeks following the conclusion of the ASI-FSCA
380 program, and 6-months after the conclusion of the program. According to the pre-survey, students
381  sought to participate in the ASI experience with the objectives of gaining hands-on experience in
382  research, meeting other graduate students in their field, and networking with scientists. The
383  students were also hoping to enhance their curriculum vitae and clarify whether they wanted to
384  pursue a science career, but these objectives were less important overall.

385 At post-survey, students were asked about areas where they felt they experienced the most
386  gain during the ASI-FSCA program. Beyond conducting field research, several areas that students
387 indicated the most gain were in giving oral presentations, explaining their project to others,
388  conducting field observations, and managing time (ASI-FSCA goals 2, 3, 6, 9, 10). It is important
389  for students to develop confidence in, as well as skills for conducting research during their graduate
390 school years (ASI-FSCA goal 9). Students were asked at post-survey about their overall
391  satisfaction with their ASI experience (Table 4). Overall, students were very satisfied, indicating
392  that it was an important and applicable learning environment that will be useful to them in the
393 future. Students were asked about the most and least valuable aspects of their research experience,
394  along with any improvements they would recommend. Students most valued the opportunity to
395  collect data in the field and additionally noted that the ability to work with “big” scientists and

396 engage in professional networking was helpful and beneficial (ASI-FSCA goals 4, 7, 8).
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397 In the survey conducted six months following the end of the ASI-FSCA program, students
398  were asked whether they had the opportunity to use any of the information or skills they learned
399  during their ASI-FSCA experience. Of all students who answered this question (not just those who
400  had a completed pre- and follow-up survey; n=9), seven agreed that they had used teamwork and
401  networking skills, improved their curriculum vitae, developed proposals or presentations, and
402  applied field work skills. Though students’ confidence levels did not decrease below their baseline
403 level over time, they did not generally maintain post-program levels six months later. This suggests
404  that ‘booster’ training or supplemental information updates to promote additional learning and/or
405  skills may be helpful for maintaining confidence gains. At follow-up, students mentioned that a
406  bigger focus on writing skills and job application information may be helpful for similar future
407  programs.

408 A recent study explored the long-term academic and career impacts of hands-on
409  undergraduate research experiences (Trott et al. 2020). Their study showed that 4-7 years after the
410 research experience, students described key long-term impacts of their undergraduate research
411  experiences in three categories: (1) research/science, (2) graduate school, and (3) careers. The
412  combination of mentors and other significant relationships formed during these experiences and
413 increased self-confidence and self-awareness of career aspirations either retained or gained
414  significance over time (Trott et al. 2020). Participants in our program were graduate students, but
415  similar long-term impacts may be expected based on our curriculum of hands-on field research,
416  networking with scientists of RELAMPAGO, mentoring from the ASI-FSCA leadership team and
417  instrument mentors, professional development exercises designed to help students find their
418  science identity, and career discussions at the Fall 2019 workshop. Our leadership team organized

419  informal meet-ups at the American Meteorological Society (AMS) Annual Meeting in 2019 and
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420 2020 and we will continue this activity in future in-person conferences. In addition, the student
421  participants' professional networks were expanded through participation in the ASI-FSCA
422  program, including working with international and U.S. scientists in the field and through the Earth
423  Science Women’s Network meet-ups at the AMS Annual Meetings. Further connections on social
424  media (i.e., Facebook, Twitter) has enabled continued cohort interactions that will likely persist
425  well into the future.

426

427  Lessons Learned

428 The ASI-FSCA program consisted of a variety of programmatic and hands-on field
429  experiences for 16 graduate student participants and was successful with strategic and
430 collaborative efforts from experts at various institutions in the U.S., Argentina, and Brazil.
431  Through active surveys, mentoring, and final project presentations, we were also able to assess the
432  success of the program in providing students with an experience that they would not have
433  otherwise been able to participate in. They only had a few recommendations for improvement,
434  including adding a few lecture topics of interest, splitting up the lecture time, and allowing more
435 time for presentation of final projects. More specifically, the students requested that more
436  professional development topics be covered, including career-related topics like job applications
437  and interviewing. This request was the primary motivation for the 2019 Fall Workshop, where we
438  were able to spend a considerable amount of time on specific professional development topics
439  requested by the students in the survey responses (Table 4).

440 Although we broadly advertised the ASI-FSCA program to UCAR Member Organizations,
441  the NCAR ASP and UCAR SOARS alumni networks, professional societies and via social media,

442  we only received three applications from HSIs and HBCUs combined out of 46. Based on previous
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443  recruiting experiences we hoped to get a pool of applications from a diverse set of institutions.
444  Although we generally met our program’s diversity goals (ASI-FSCA goal 1), one
445  recommendation for future programs of this type in the atmospheric sciences is to individually
446  reach out to the leadership of more MSIs and smaller colleges with relevant programs to encourage
447  their students to apply for opportunities of this type. In addition, intentional recruiting should be
448  carefully considered using established resources like the “Diversifying Study Abroad and
449  Expanding Equity for MSI Students®” published by the Center for MSIs at the University of
450  Pennsylvania.

451 Given the success of the ASI-FSCA program, our team strongly recommends this model
452  for expanding the opportunities for a broader and more diverse student community to participate
453  in dynamic and intensive field work in atmospheric science. The student outcomes and lessons
454  learned in the field are unmatched by typical classroom activities as mentioned by several students.
455  One of the most notable achievements we can make to the advancement of science is to inspire the
456  next generation of scientists in atmospheric science. Field campaigns provide unique hands-on and
457  dynamic environments that allow for the students to understand the value of observations and
458  models, learn how science is conducted, and develop new questions about the world around them.
459  As the first ASI organized in collaboration with a major field campaign in atmospheric science,
460 the ASI-FSCA program provides a model for future programs that can potentially improve access
461  to a broader demographic of students to the unique environments in field campaigns. The benefits
462  of participating in hands-on field research should also be considered for upper-level undergraduate
463  students in addition to graduate students to reach a broader population of students who may be

464  interested in careers in atmospheric science, but are from smaller programs or colleges. Beyond

3 https://cmsi.gse.rutgers.edu/content/diversifying-study-abroad-and-expanding-equity-minority-serving-
institution-students
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465 increasing student exposure to and enthusiasm for atmospheric observations, experiential
466  programs can serve to potentially increase diversity and retention of underrepresented students in
467  atmospheric science through increasing professional networking opportunities and building
468  science identity and confidence.
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Sidebar feature

A separate inquiry requesting overall feedback on the ASI-FSCA program from student
participants for the purpose of this article was requested in Fall 2020. The information collected
generally supported the findings from the formal evaluation program summarized in the Student
Experiences section. A selection of the student feedback is presented below.

One ASI-FSCA participant said that, “as a graduate student who primarily came from a
numerical weather prediction background before RELAMPAGO, the opportunity to be a part of
the planning and execution of field-work to gather observations was new and exciting. The
importance and challenges of collecting real-world observations in an ever-changing
environment, such as in Argentina, was discovered first-hand. In addition to the time in
Argentina, the 2019 ASI-FSCA Fall Workshop was a place to ask questions regarding future
career possibilities, explore new ways of thinking through collaborative projects, and stay
connected with those who shared a similar field experience — all things that aren’t necessarily
invited or appropriate in a classroom setting.”

Another participant remarked that, “the entire experience was surreal. Partaking in an
international field campaign has given me experience that I would have otherwise never gained
in a classroom. The field experience combined with the supplemental lectures, both during the
field campaign and during the ASI-FSCA Fall Workshop, have truly formulated an advanced
study opportunity. Knowledge and confidence gained through the ASI-FSCA program was key to
my success in [other research projects].”

From an inclusion perspective, student feedback has shown that project goals were

achieved as well. In the words of one ASI-FSCA participant, “this experience serves as the most
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rewarding way that I've been able to incorporate my Latin roots into my academic career thus
far, which has further validated and encouraged my position as a scientist in Meteorology.”
Another ASI-FSCA participant said that, “the program’s effort to set clear guidelines for
respectful interactions with one another went a long way to help me feel supported as a woman
graduate student participating in a campaign far from home with new collaborators. This
training impacted me beyond the scope of the campaign by setting a professional standard for
conduct that I will carry with me through my career. It already improved my self-confidence by
illustrating that there are communities in the atmospheric sciences committed to creating an
inclusive environment, and I aim to apply this experience and background toward improving
support for others from underrepresented demographics in my own workplace...the
representation and strong leadership of women coordinating the ASI-FSCA has motivated me to
aspire to new heights in a career in research. I am the first in my family to attend graduate
school, and the professional skills training offered through the ASI-FSCA is the only formal
guidance I have received toward pursuing a longer-term career in research. I found the ASI-
FSCA training on effective and accountable writing to be a crucial contributor to my
professional development as a graduate student. I've found that a lack of confidence, rather than
a lack of knowledge or results, most often restricts my path to prolific writing. However, the ASI-
FSCA professional skills sessions gave me new tools to overcome this barrier. I have since
published my first lead-author paper and drafted a second by using the “storyboard” technique I

learned through the ASI-FSCA.”
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619 Tables

620
621  Table 1. List of ASI-FSCA scientific mentors, lecturers, and leadership team members.
Name Role in ASI University/Research Lab | Research specialties
Rachel International collaborator Univ. Sao Paulo, Brazil Atmospheric electrification
Albrecht
Eldo Avila International collaborator National Univ. of Mesoscale meteorology,
Cordoba, Argentina electrification
Michael Bell | Fall Workshop Lecturer Colorado State University | Radar and tropical
meteorology
Howie Lecturer University of Oklahoma Severe storms, radar
Bluestein observations
Melissa Burt | ASI-FSCA Assistant Director, Colorado State Univ. Climate modeling, diversity
Lecturer, Fall Workshop in STEM
organizer and lecturer, Mentor
Larry Carey | Lecturer, Lightning team Univ. Alabama Atmospheric electrification

leader, Mentor

Chris Davis Lecturer, Mentor NCAR/Mesoscale and Mesoscale meteorology,
Microscale Meteorology tropical cyclones
Laboratory

Wiebke Lightning team leader, Mentor | NCAR/CU Boulder Atmospheric electrification

Deierling

Francina Lecturer, Hydrometeorology Univ. Illinois Hydrometeorology

Dominguez team leader, Mentor

Brody Fuchs | Mentor Colorado State University | Radar meteorology
Rebecca Recruiting Coordinator, NCAR/ASP/SOARS Professional development and
Haacker Lecturer, Mentor outreach
Deanna Professional Development Univ. Illinois Tropical convection;
Hence Coordinator, Lecturer, Mentor Mesoscale analysis
Karen Mentor, Mesonet and DOW Center for Severe Weather | Severe weather; radar
Kosiba team leader Research observations
Matthew Lecturer Penn. State. Univ. Radar observations, severe
Kumjian weather
Lorena Mentor, Outreach organization, | NCAR Education & Professional development and
Medina Luna | Fall Workshop Lecturer Outreach outreach
Luiz Lecturer, International National Institute for Convective processes,
Machado collaborator Space Research (INPE), modeling

Brazil
Stephen Lecturer, Radar and sounding Univ. Illinois Satellite and radar obs.;
Nesbitt team leader, Mentor severe storms
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Mentor

Kristen ASI-FSCA Director, Lecturer, Colorado State Univ. Cloud and mesoscale
Rasmussen Radar team leader, Fall processes; severe storms;
Workshop organizer and radar meteorology
lecturer, Mentor
Angela Field Experience Coordinator, Univ. of Wisconsin- Radar observations, cloud and
Rowe Lecturer, Radar team leader, Madison mesoscale processes

Paola Salio

International collaborator, pre-
ASI-FSCA lecturer

Univ. of Buenos Aires,
Argentina

Mesoscale systems; severe
storms

Russ Mentor, Sounding team leader Colorado State Univ. Mesoscale meteorology;

Schumacher heavy precipitation

Jeff Trapp Lecturer, Sounding team leader, | Univ. Illinois Severe weather; mesoscale
Mentor meteorology

Adam Varble | Mentor, CACTI team leader Univ. Utah Convection and modeling

Josh Mentor, DOW/COW team Center for Severe Weather | Severe weather; radar

Wurman leader Research observations

Table 2. ASI-FSCA Seminars and Professional Development Activities during RELAMPAGO

Speaker(s) Lecture topic(s)

Kristen Global Perspectives on Convection; RELAMPAGO Science Overview

Rasmussen

Melissa Burt Professional Development Series: Stress management and culture shock, Building a
and Rebecca supportive network and finding mentors, How to bring this experience to your curriculum
Haacker vitae

Jeff Trapp Convective Storms

Francina Hydrometeorology of the La Plata Basin

Dominguez

Larry Carey and | Lightning Science; Lightning Instrumentation

Brody Fuchs

Matthew Hail Science

Kumyjian

Chris Davis Mesoscale Convective Systems; Mesoscale Meteorology

Deanna Hence

Communicating Your Science
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Howie Bluestein

Convective storms and tornadoes; Low-Level Jets

Stephen Nesbitt

RELAMPAGO Radar Applications

Table 3. ASI-FSCA 2019 Fall Workshop presentations and panels

Speaker(s)

Lecture topic(s)

Kristen Rasmussen

RELAMPAGO Science and Data update; RELAMPAGO
Research; How to think like a scientist; Developing Scientific
Ideas; Time Management Skills; How to connect field research to
non-field research; Finding and applying for academic/research
jobs

Melissa Burt

Work-life balance; Mentor mapping and beyond; Networking

Lorena Medina Luna and Valerie Sloan

Scientific Writing and Communication

Christina McClusky, Annareli Morales,
and Christopher Kruse

Advanced Study Postdoctoral Fellow Panel discussion

Michael Bell

Keynote lecture: Planning and Executing a Field Campaign in
Atmospheric Science

Luke Madaus, Evan Kalina, Elliott
Foust, Julie DeMuth, Kristen
Rasmussen, and Roy Rasmussen

Careers in Atmospheric Science Panel discussion

Table 4. Students’ general satisfaction with the ASI-FSCA program (post-survey only; n==8).

Please indicate your agreement with the following statements:
SFrongly Disagree | Neither Strongly
disagree (n) () Agree (n) agree
(n) (n)
The Advanced Study Institute 0 0 0 1 7
(ASI) lived up to my expectations
The content of the ASI was 0 0 0 1 7
relevant to me
The ASI activities stimulated my 0 0 0 1 -
learning
The.AISI act1v1t1.es gave me 0 0 0 2 6
sufficient practice and feedback
[ will be able to use what I learned
in this ASI 0 0 0 1 7
The ASI.was a good way for me to 0 0 0 1 7
learn this content
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Figure List

Figure 1. ASI-FSCA students and leadership pictured (a) in front of the Doppler on Wheels radar
(31 October 2018, Cordoba, Argentina) and (b) visiting the DOE G-1 aircraft as part of the
CACTI field campaign (15 November 2018, Rio Cuarto, Argentina). Photo credits: Kristen

Rasmussen.

Figure 2. ASI-FSCA students (a) Jeremiah Piersante and Scott Purdy, and (b) Elisa Murillo
launch atmospheric soundings (weather balloons) as part of the RELAMPAGO field campaign.

Photo credits: (a) Scott Purdy and (b) Brandi Gamelin.

Figure 3. ASI-FSCA students and leadership in the field: (a) Matthew Holliday with the
hydrometeorology team; (b) Laura Tomkins, Melissa Burt, Chelsey Laurencin, and Brandi
Gamelin with the Doppler on Wheels radar; (¢) Karly Riemel, Chelsey Laurencin, Laura
Tomkins, and Kristen Rasmussen in the RELAMPAGO Operations Center; and (d) Miguel
Cortez, Karly Riemel, and Larry Carey assembling the Lightning Mapping Array station. Photo

credits: (a) Kristen Rasmussen, (b) Brandi Gamelin, (c, d) Lorena Medina Luna.

Figure 4. Deanna Hence leading a professional development lecture as part of the ASI-FSCA

program. Photo credit: Kristen Rasmussen.

Figure 5. (a) ASI-FSCA students participating in outreach as part of the RELAMPAGO Open

House on 31 October 2018. (b) Students from an elementary school in Rio Ceballos, Argentina,
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656  participate in inflating and launching a weather balloon during a RELAMPAGO science

657  education and outreach event. Photo credits: (a) Kristen Rasmussen, (b) Lorena Medina Luna.
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Figure 1. ASI-FSCA students and leadership pictured (a)
in front of the Doppler on Wheels radar (31 October
2018, Cordoba, Argentina) and (b) visiting the DOE G-1
aircraft as part of the CACTI field campaign (15
November 2018, Rio Cuarto, Argentina). Photo credits:
Kristen Rasmussen.
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Figure 2. ASI-FSCA students (a) Jeremiah Piersante and Scott Purdy, and (b) Elisa Murillo
launch atmospheric soundings (weather balloons) as part of the RELAMPAGO field
campaign. Photo credits: (a) Scott Purdy and (b) Brandi Gamelin.
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Figure 3. ASI-FSCA students and leadership in the field: (a) Matthew Holliday with the hydrometeorology
team; (b) Laura Tomkins, Melissa Burt, Chelsey Laurencin, and Brandi Gamelin with the Doppler on
Wheels radar; (c) Karly Riemel, Chelsey Laurencin, Laura Tomkins, and Kristen Rasmussen in the
RELAMPAGO Operations Center; and (d) Miguel Cortez, Karly Riemel, and Larry Carey assembling the
Lightning Mapping Array station. Photo credits: (a) Kristen Rasmussen, (b) Brandi Gamelin, (c, d) Lorena
Medina Luna.
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Figure 4.Deanna Hence leading a professional development lecture as
part of the ASI-FSCA program. Photo credit: Kristen Rasmussen.
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Figure 5. (a) ASI-FSCA students participating in
outreach as part of the RELAMPAGO Open House on

31 October 2018. (b) Students from an elementary
school in Rio Ceballos, Argentina, participate in inflating
and launching a weather balloon during a RELAMPAGO
science education and outreach event. Photo credits: (a)
Kristen Rasmussen, (b) Lorena Medina Luna.
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